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Abstract
The Electrical Engineering department at California Polytechnic State University, San Luis
Obispo has an outdoor courtyard that, until recently, was lacking in accommodations for student
studying, group meetings, or simple leisure. A group of four mechanical engineering majors,
“The Benchwarmers,” were tasked by Dale Dolan with the construction and installation of a
picnic table to fulfil these needs. More specifically, Dr. Dolan also requested that the table
provide off-the-grid power to charge student’s devices.
This report details the design, manufacturing, and testing of a solar powered picnic table. The
table was designed to accommodate up to seven users, including one ADA accessible space. A
large emphasis was placed on user comfort and productivity, resulting in large open space for
group collaboration, and the ability to spread out laptops and notebooks. A single, fixed solar
panel was mounted on top of a large fabric shade, providing more than enough power generation
to supply four GFCI outlets.
The Benchwarmers team successfully installed the final version of the picnic table in the
Engineering East courtyard in June 2022. It will remain active for student use for many years to
come.

Introduction
This document is a compilation of the four major reports that were created over the course of the
9-month senior project. They are presented chronologically in order, beginning with our Scope
of Work, then a Preliminary Design Review, a Critical Design Review, and culminating with our
Final Design Report. The appendices for each report follow each section, and page numbers are
only accurate within each report. An overall Table of Contents is not provided.
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Abstract
Our team, “The Benchwarmers,” has been tasked with the design and construction of a solar
powered picnic table to be placed in the Electrical Engineering courtyard at Cal Poly SLO. This
document summarizes the background research, scope definition, objectives, and management
plan that we have developed up to this point. The research we have conducted includes surveys
of students in the courtyard, ergonomic standards, existing products with similar functionality,
and industry standards to ensure ADA compliance and product safety, as well as electronics
integration. This research develops a basis for our project scope, which includes table design,
solar power collection, electrical output for device charging, and sunshade capabilities. A
number of tools are used to determine the specifications for this project, including a quality
function deployment and engineering specifications table. Finally, a brief project management
plan is presented, outlining deadlines and resources available for project completion.
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1. Introduction
The courtyard of the Engineering West building at Cal Poly needs an improved seating area.
Dr. Dale Dolan of the electrical engineering department proposed a project to design, build,
and validate a picnic table for the courtyard, complete with solar powered charging.
Although tables such as these exist on the market, the astronomical price tags make
purchasing them out of the question. With an abundance of extra solar panels ready to be
used, the project was assigned to four mechanical engineering students: Ryan Dean, Louis
Gerny, Connor Gigone, and Esmeralda Gonzalez. Together as “The Benchwarmers,” we will
be constructing an innovative, cost-friendly solution to boost the productivity and comfort of
students and faculty working in this area.
This report serves to outline the overall plan for the project that our team is proposing to
complete in order to obtain approval from Dr. Dolan to continue onward. Topics covered will
include the preliminary research conducted on the project, as well as the proposed scope,
project objectives, and project management plan.

2. Background
Beginning first with our research, a large amount of customer, product, and technical
research was performed to better frame the scope of this project. The first section identifies
key stakeholders and users to understand their needs and wants. The subsequent section
discusses patents and competitive products to highlight features we find the most applicable
to our project. The final section explores any technical requirements including ergonomic,
material, and power storage considerations.

2.1 Stakeholders Needs/Wants Research
The first steps of our project involved an introductory meeting between our sponsor and key
stakeholder, Dr. Dolan. We learned that the project is focused more on the interests of
students and faculty rather than on creating an engineering demonstration. The final design
must therefore be practical and designed for longevity and reliability in both the structure and
electrical components. Next, we decided to interview the student body since they will be the
primary users of our design. This provided information on preferred features and table
designs, such as not wanting a perforated work surface, desiring ample room to spread out
notes, and suggesting other outdoor seating areas they prefer and why. Another organization
with stake in our project is Cal Poly Facilities. Approval for the table design, electrical
components, and safety features will be required from facilities to have the project open for
public use on campus. While a form for approval needs to be submitted, additional research
will be done to better understand their constraints on our design.

2.2 Competition Research
Various products already exist in the marketplace that accomplish many of the features we
will need to include in this project. Some fulfill individual functions of our project, while
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some products encompass the entire problem. The five most relevant designs are summarized
below in Table 1.
Table 1. Summary of Competing Products

Product Name

•

Enerfusion Orion [1]

•
•

Kaypark Solar Charge Station with
Fiberglass Umbrella [2]

•
•

Sitescapes Sunbolt [3]

•

Sun-Ray Round Solar Lighted Patio
Umbrella [4]

•
•
•

Landscape Forms Gretchen [5]

•

Noteworthy Features
Complete product including table and
295-watt solar umbrella
Battery storage and computer charging
capabilities
Standalone 100-watt solar powered
fiberglass umbrella
Phone charging only
Standalone 100-watt solar panel with
steel perforated umbrella
5Ah Battery provides 15 hours of phone
charging with LED Battery Meter
Extremely inexpensive fabric umbrella
Only lighting capabilities for 9-12 hours
Metal picnic table with wooden top and
umbrella compatibility
ADA compliant configuration optional

From the above list of existing products, the one most similar to our problem concept is the
Enerfusion Orion, seen below in Figure 1.

Figure 1. A picture of the Enerfusion Orion table [1].

The Orion table features 2 GFCI outlets and 4 USB power outlets for charging users’
electronic devices. It includes 295-watt worth of solar panels, combined with a battery bank
to allow for 600-watt continuous power draw. These solar panel specifications are roughly
similar to what has been provided by our sponsor and will provide a good ballpark on what
2

power numbers we can aim to produce for our table. However, with a cost of almost 6 times
our operating budget, our Benchwarmers team will need to find innovative ways to reduce
expenses throughout the project.
An investigation into existing patents was also conducted to examine what solutions exist to
our problem. Many of the patents located by our team were intended for use in slightly
different applications but demonstrate certain features that are worth considering. A summary
of the patents considered can be seen below in Table 2.
Table 2. Summary of Relevant Patent Research

Description

Patent Number

Solar Power
Conversion Kit for
Umbrella [6]

US 10772401B2

Automated Umbrella
[7]

US 20200113297A1

Octagonal Patio
Picnic Table with
Accessories [8]

US 7789459B1

Apparatus and
Method for Holding
and Tilting an
Umbrella [9]

•
•
•
•
•

US8291923B2

•

Intelligent Shading
Charging Systems
[10]

US10159316B2

•
•
•
•

•
•
•

Key Features
Collapsing feature maintained with
solar
Battery housing contained on the
shaft
No provisions for angular adjustment
Multiple louvers to ensure proper
shade coverage
Anthropomorphic shade design
Large base for stability
Shade mounted lighting
Outlet integration without solar
Pivot point for umbrella at tabletop
height
Spring-based locking mechanism at
different positions
2-axes of adjustment provided
1-axis adjustable shade and solar
integration
Additional fabric shade in areas
without solar

While none of these patents address the exact problem we are looking to address, each
provide a unique piece of innovative technology that may be able to be implemented in our
design. For instance, the Intelligent Shading Charging Systems provides an interesting
implementation of fabric, combined with solar panel integration, that allows for additional
shading that may be worth considering [6]. As we move towards the ideation portion of this
project, some of these unique mechanisms will be considered.

2.3 Technical Research
Finally, significant technical research was done to fully understand the scope of this project
and what considerations must be taken when approaching it as a design problem. Our
primary research focused on seating and workspace ergonomics, ADA seating compliance,
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weather resistance, and solar power storage. The findings from this research are documented
in individual sections below.

2.3.1 Ergonomics
Numerous standards are available for seating and workplace ergonomics, allowing our design
to maximize the comfort of users. NASA provides a wide range of anthropometric data
relevant to design for public seating. A small subset of this data is shown below – giving
seated human dimensions.
Body Size of the 40-Year-Old American Male for Year 2000 in One Gravity Conditions

No.
758
330
529
678
751
194
420
411
416

Dimension

5th
percentile
Sitting height
88.9 (35.0)
Eye height, sitting
76.8 (30.3)
Knee height, sitting 52.6 (20.7)
Popliteal height
40.6 (16.0)
Shoulder-elbow
33.7 (13.3)
length
Buttock-knee
56.8 (22.4)
length
Hand length
17.9 (7.0)
Hand breadth
8.2 (3.2)
Hand
20.3 (8.0)
circumference

50th
percentile
94.2 (37.1)
81.9 (32.2)
56.7 (22.3)
44.4 (17.5)
36.6 (14.4)

95th
percentile
99.5 (39.2)
86.9 (34.2)
60.9 (24.0)
48.1 (19.0)
39.4 (15.5)

61.3 (24.1)

65.8 (25.9)

19.3 (7.6)
8.9 (3.5)
21.8 (8.6)

20.6 (8.1)
9.6 (3.8)
23.4 (9.2)

Figure 2. Nasa anthropometric measurements for a 40-year-old American male in the seated
position [11].
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Note that while the above measurements are for a 40-year-old American male, the full NASA
report includes a wide range of human sizes. These values are used only for reference at this
point but will become invaluable as we undergo more detailed design. It is important that any
seating area will allow for proper ergonomic positioning for a wide range of expected users.
These measurements will serve as a primary basis for determining seating height, table
width, and seating placement.
We also conducted research specific to the design of seating fixtures. We found a general
model from which seating ergonomics are measured. This model provides ergonomic criteria
applicable to a wide variety of seating fixtures that utilizes a virtual human model to interface
with the seat [12]. While such a model may be outside the scope of this project to develop,
the findings from this particular analysis provide insight to general seating design.
More specific to our project, multiple studies have been conducted on the ergonomics of
chair type seating for a wide range of individuals. One such study conducted a detailed
analysis of office chair design for proper ergonomic positioning. While specific to design for
female ergonomics, many of the principles in this paper would apply to males as well [13].

2.3.2 ADA Compliance
It is crucial from a legal, as well as ethical, standpoint that any regulations regarding seating
accessibility for disabled persons is strictly followed. These standards require that 1-2
wheelchair spaces be made available for a public assembly area such as the EE courtyard
[14]. Given this requirement, we plan to incorporate wheelchair seating for 1 person at our
table. The ADA provides dimensional requirements for table wheelchair access. A basic
representation of these dimensions can be seen in the image below.

Figure 3. ADA wheelchair seating dimensions [15].
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There are numerous dimensional requirements applicable to wheelchair seating and access.
While not prudent to list all these requirements here, they can be found in the ADA standards
for accessible design, part 902 [16]. These will guide our workspace sizing and layout as we
approach more detailed design. Finally, designing a wheelchair accessible workspace
requires considerations beyond the ADA guidelines. Helpful guidelines are provided by a
journal paper on the design of tray tables for wheelchairs, and are very applicable to standard
table design. Among the considerations are table height for proper ergonomics, positioning
relative to wheelchair, and muscle fatigue considerations. [17]

2.3.3 Outdoor Weather Resistance
A primary consideration for any outdoor structure is resistance to the elements. Numerous
thermoplastic coatings are available for our application. Many of these coatings are present
on commonly used, expanded metal type tables and chairs such as the one shown below.

Figure 4. Expanded metal table with thermoplastic coating [18].

Weatherproofing standards as well as coating options of this type vary. Representative
examples can be dipped or painted onto tables and are designed for continuous use in sunny
conditions [19]. Such coatings provide a relatively simple method for weatherproofing steel
structures and could be useful depending on our method of table construction.
As an alternative to coated metal, many durable plastic alternatives are available. Of common
use in modern outdoor furniture is “plastic lumber.” This is generally injection molded
plastic designed to have the feel and aesthetic advantages of wood while maintaining a
serviceable finish for a longer period of time [20]. Plastic lumber can also typically be made
from recycled materials, providing an environmental benefit for this material selection. A
representative example of a plastic lumber table can be seen below.

Figure 5. Image of a plastic lumber picnic table [21].
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Either of these options provide durable opportunities for the protection and longevity of our
design.

2.3.4 Solar Power Storage
Power storage is of upmost importance for this project. Due to the unavoidable irregularity in
sun exposure for the solar panel, there will be times when a student or faculty member will
need to charge their devices when no sunlight is available. In addition, any provisions for
nighttime lighting will require additional power storage. This requires a deep cycle battery,
which is designed to be regularly discharged using most of its capacity. Table 3 below details
a summary of deep cycle battery types considered.
Table 3. Summary of Relevant Battery Research

Estimated
Life

Maintenance
Required

Depth of
Discharge

Safety

Temperature
Ranges

Lead Acid –
Flooded
[22]

4-8 years

Regular
monitoring
and water
refills

50%
Recommended

Requires
ventilation of
explosive
hydrogen gas

5oF -140oF

Lead Acid –
AGM [22]

4-7 years

None

50%
Recommended

Leak proof
and shock
resistant

5oF -140oF

Lead Acid –
Gel [22]

2-5 years

None

50%
Recommended

Lithium Ion
(LFP) [24]

10+ years

None

Up to 100%

Nickel
Cadmium

20+ years
[26]

Battery Type

Water refills

90% [25]

Leak proof
and shock
resistant
Nontoxic,
and safe in
any
orientation
Cadmium is
extremely
toxic,
difficult
disposal

5oF -140oF
14oF-140oF
[23]
-40oF 140oF
[26]

Our immediate research showed that lithium-ion batteries are by far the safest option, with a
lower depth of discharge, longer life cycle, higher energy density and least required
maintenance. However, lithium-ion is the most expensive battery compared to all others. All
battery options require special disposal. This could impact Cal Poly Facility approval and
requires more research. Due to our tight budget, the cost of lithium-ion batteries may
outweigh their benefit once all raw building materials and electrical components are
considered. Therefore, lead acid batteries are still a viable option. With a better
understanding of our project, stemming from our research, we can then consider the scope of
the project.
7

3. Project Scope
The following sections define the areas of this project where we will devote our efforts. This
helps to concentrate the project deliverables to provide the best possible solution considering
customer needs/wants within the resource constraints of this project.

3.1 Boundary Sketch
The first step in defining the scope of our project was to create a boundary sketch. A
boundary sketch includes all the relevant items at work in a system, clearly indicating which
items a team has control over and which items are fixed and must be worked around. The
boundary sketch created for this project can be seen below in Figure 6.

Figure 6. Boundary Sketch of Proposed Project

As can be seen above, the people and surroundings for our picnic table are all outside the
scope of the project. We will have to work with the user’s needs, as well as work around the
physical constraints of the courtyard this table will live in. However, there are a variety of
features that we have direct control over, including the table, seating, charging configuration,
and shading. The solar panel selection is fixed based on the constraints of the project, but its
orientation and mounting are up to us to determine. This sketch roughly outlines the main
features that we will be developing as we move forward with this project.

3.2 Stakeholders Needs/Wants
Ultimately, the focus of our project should be on whatever our stakeholders value the most.
After conducting research, as described in the Background section of this report, the
following list of needs versus wants was complied, as seen in Table 4.
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Table 4. Summary of Stakeholder Needs/Wants

•
•
•
•
•
•
•
•
•

Needs
6-person capacity
Workspace
Charging
ADA compliance
Facilities approval on design
Under $2000
Portable by pallet jack
Safe (electrically and structurally)
Weatherproof/durable

•
•
•
•
•
•
•

Wants
Shade
Cooling
Lighting
Comfort
Engineering demonstration
Solar tracking
Manual shade adjustment

Since longevity is of greatest concern, the table and any electrical components must be
completely weatherproof and able to withstand extreme conditions typical of San Luis
Obispo. Longevity also requires designing for ease of maintenance to extend the life of both
the structure and solar panel. The design is also meant to be portable by pallet jack. It should
not be possible for students to move the table around the courtyard on their own. The seating
arrangement also needs to be comfortable, seating a minimum of 6 while providing a smooth
work surface and adequate shading. Charging capabilities for phone and computer are also
required. With the integration of electrical components and the potential for the solar panel to
produce large voltages and high temperatures, fire and electrical safety is another
requirement essential to the successful completion of this project. From student research, the
comfort of the table was identified as the primary need. Ideally, our project will accomplish
all of our stakeholder’s needs and wants, if the scope allows.

3.3 Functional Decomposition
To better understand the basic functions that our ultimate design must accomplish, a
functional decomposition of the problem was performed. This consists of starting with the
basic function of the product and creating downwards branches for how each function will be
performed. When reading the functional decomposition from the bottom, each task above
should answer why a function below is necessary. The functional decomposition of our
design can be seen below in Figure 7.

Figure 7. Functional Decomposition for Proposed Problem
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The dashed line above designates the proposed design scope for the project. Collect energy is
excluded due to the solar panels already being provided by our sponsor. Follow sun is outside
the scope of our project, as advanced solar tracking has been deemed too much additional
work to be possible within the time given. We will therefore be focusing our efforts on
everything inside the dashed lines.

3.4 Planned Deliverables
Over the course of the project, our team will produce a number of deliverables for our
sponsor to evaluate and provide feedback on. This will culminate in our Final Design Report,
which will be completed at the end of Spring 2022. The FDR will summarize the entire
design process, including initial concept development, finalized design, manufacturing
processes, testing methods/results, and our conclusions regarding the project, as well as any
recommendations for future continuation. Further discussion of deliverables and deadlines
can be found in the Project Management section of this report.

4. Objectives
This section includes our team definition of our problem statement, our method for
developing our engineering specifications, and list our targets to reach at the conclusion of
this project. We also discuss our expected dates for important deliverables.

4.1 Problem Statement
One of the most important preliminary tasks we accomplished was defining a problem
statement for our project. Ideally, this phrase will summarize all the relevant needs that our
product must accomplish and serve as a steppingstone for every task to come. The problem
statement as we have defined it can be seen below:
“The Cal Poly Electrical Engineering Department desires an off-the-grid, outdoor
workspace for students and faculty to sit and work, while having access to charging
capabilities and minimizing exposure to the sun.”
Ultimately, our design will be focused on solving the problem, as laid out above. To further
refine the objectives of this project, a number of project management tools were used, as can
be seen in subsequent sections of this report.

4.2 Quality Function Deployment (QFD)
To better understand our problem statement and design criteria, we used the Quality Function
Deployment (QFD) method. The main purpose of this process is to determine the most
important customer needs and wants and translate them into appropriate engineering design
specifications. The result is a product best suited to satisfy the problem while considering all
design criteria. This analysis is included in Appendix A. The process works by first
identifying all customers of the project. Their needs and wants are then identified and
weighted relative to each customer. This identifies which requirement is most important to
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each respective user. Competitor products are then analyzed based on how well they meet the
customer’s needs and wants.
The most useful output from our QFD was the generation of our engineering specifications,
discussed in the next section of this report. We were also able to identify that most of our
competition has either very low charging capabilities or uncomfortable table designs. These
areas are where we have the most room for improvement over competition products.

4.3 Specifications Table
Building off our QFD, we are able to define a list of specifications that our design needs to
meet in order to successfully complete our problem statement. These specifications can be
seen below in Table 5 and are elaborated further below the table.
Table 5: Specifications Table

Spec.
#

Specification
Description

Requirement or
Target (units)

Tolerance

Risk*

Compliance*
*

1

Cost

$2000

± $100

H

A

2

Seating Capacity

6 persons

Min

L

I, S

3

Power Output

400 W

± 20 W

H

A, T

4

Number of Charging
Ports

4 Outlets

Min

M

A, T

5

Comfort Survey

80 %

±5%

M

A, I

6

Useability Survey

80 %

±5%

H

A, I

7

Max Wind Speed

50 mph

± 5 mph

M

A, T

8

Particle Intrusion

IP 53

Min

M

A, T

9

Surface Temperature

120 °F

Max

M

T

10

Components Service
Time

1 hr

± 30 min

M

A, I

11

Average Percent of
Table Shade

75 %

±5%

H

A, T

*Risk of meeting specification: (H) High, (M) Medium, (L) Low
**Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test
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1. Cost: The cost of our project coincides with the budget of $2000 provided by the EE
department at Cal Poly. We will track our spending using a bill of materials, listing the
price and material for any purchases.
2. Seating Capacity: The seating capacity will be measured relative to the average amount
of space that a person would need to comfortably do work without feeling overcrowded.
3. Power Output: To measure the power output, we will conduct tests to see the amount of
power generated by the solar panel at different times of the day. An average will be taken
to determine if we meet this requirement.
4. Number of Charging Ports: The number of charging ports is to be measured to see how
much power can be drawn from each port. This will be tested by measuring how many
electronics, as well as the types of electronics, we can plug into the ports before
exceeding the power capacity.
5. Comfort Survey: To test how comfortable the table is, we will conduct surveys to see
what percentage of users find the table to be comfortable after an hour of use.
6. Useability Survey: The useability of the table will be measured by conducting a survey to
see what percentage of the users find the table to be useable for both charging and
working for an hour.
7. Max Wind Speed: The maximum wind speed without tipping will be analytically
determined to ensure that both the occupants of the table and the electronics running the
table remain safe. We will use an anemometer to periodically measure the wind speed in
the desired location for the table.
8. Particle Intrusion: The particle intrusion is measured to ensure the protection of the
electrical components of the picnic table system from any harm caused by the
environment. This will be done in adherence to the standard listed.
9. Surface Temperature: The surface temperature will be measured periodically at different
times throughout the day to verify that the operating temperature is safe for users.
10. Mean Time to Service Components: The service time for key components of our design
will be measured. If the average time it takes to repair or replace a component is below
our maximum value, our table will be easily serviceable by Cal Poly Facilities.
11. Average Percent of Table Shade: The average percentage of table shade will be
determined by measuring the amount of surface area covered by the shade at different
times of the day against the total amount of surface area of the table.
Our high-risk specifications involve the functionality of our overall design for the picnic
table. We are creating a sitting area that optimizes the power drawn in from the solar panels
to charge up to four computers while also keeping the user comfortable enough to work for
about an hour. In addition, we foresee cost being a high-risk item, seeing as comparable
market products are up to 6 times our operating budget.

5. Project Management
Our project consists of designing, building, and testing throughout a span of 10 to 11 week
segments coinciding with Cal Poly’s academic school calendar. A breakdown of our Gantt
chart for the progression of our project can be seen below in the Appendix B. Listed in Table
6 below are important deliverables along with the corresponding dates they are due.
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Table 6. Overview of Deliverables

DATE

DELIVERABLE

10/26/21

Ideation Models

11/9/21

Concept Prototype

11/18/21

Preliminary Design Review

1/11/22

Design Analysis

1/13/22

Interim Design Review

2/3/22

Manufacturing Plan

2/11/22

Critical Design Review

3/26/22

Manufacturing and Test Review

5/17/22

Experimental Design and Testing

5/24/22

Final Design Review

5/27/22

Senior Project Expo

6/3/22

Project Delivered

The next step in our project is to begin the design of the solar panel picnic table. We will
create ideas that incorporate each of the amenities we will include to the overall design. The
design must keep in mind the comfort of the user and the ability to produce power to charge
the user’s electronics but also be designed for longevity. Once a design has been selected, we
will construct a prototype to begin the testing process.

6. Conclusion
The goal of this project is to design and manufacture a table with seating to be placed in the
Electrical Engineering courtyard. This design must meet the needs of the EE department with
respect to seating capacity, the ability to charge electronic devices using solar power, and the
provision of shade for those seated at the table. The purpose of this document is to receive
feedback on our preliminary research and understanding of this project from our sponsor, Dr.
Dolan. We have developed a basis of understanding for ergonomic seating design, ADA
compliance, outdoor weatherproofing, as well as the needs expressed by Dr. Dolan and EE
students. Based on this research, our scope will include the construction of a picnic table and
shade structure with solar collection, device charging, and possible creature comforts such as
lights or active cooling. Our next major deliverable for this project, the Preliminary Design
Review (PDR), will be held on November 17. We ask Dr. Dolan to please review this
document and provide us feedback and approval before we proceed further.
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Abstract
Our team, “The Benchwarmers,” has been tasked with the design and construction of a solar
powered picnic table to be placed in the Electrical Engineering courtyard at California
Polytechnic State University, San Luis Obispo. This document summarizes our concept
development, design, and justification, as well as outlines our future plans for testing and
manufacturing. For our concept development, we utilized a variety of ideation sessions paired
with Pugh, morphological, and weighted decision matrixes to hone in on a design concept. The
concept we have selected is a dominantly rectangular table with recessed cutouts, a large static
shade, and individual seating with back rests. For justification, a few preliminary electrical and
structural evaluations were made to ensure our design would be capable of meeting all the
engineering specifications laid out. Finally, our plan for the future is introduced, with our next
major deliverable being the Critical Design Review.
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1. Introduction
The courtyard of the Engineering West building at California Polytechnic State University, San
Luis Obispo needs an improved seating area. Dr. Dale Dolan of the electrical engineering
department proposed a project to design, build, and validate a picnic table for the courtyard,
complete with solar powered charging. Our project scope includes the design of the picnic table,
shade, and electronics system. Our team has decided to utilize a fixed shade design, which will
be discussed more in this report. This PDR report serves to outline our process for developing
concepts, selecting a prevailing concept, and justifications for our final design choice. In
addition, a brief discussion of further testing and manufacturing plans is included.

2. Concept Development
After conducting the necessary research and defining our problem statement, we began the
process to develop a concept for the overall table design. Our design needs to ensure that each of
the functions within our project scope are met. We began with ideation techniques to create
initial concepts, which we then narrowed down through idea refinement to select the concept that
best fits all of functions of the table.

2.1 Ideation
We began to brainstorm ideas using methods that would help us develop various concept designs
for the table. Using techniques, like stoke activities, we were able to generate multiple ideas that
were innovative and diverse. We would start off with each function individually and discuss
possible methods for achieving that function. An example can be seen in Figure 1.

Figure 1. An Example Ideation Session on Table Layout

More ideation sessions can be found in Appendix A. This led to creating rough sketches that
were used to create concept models. Each team member created five basic concept models out of
craft supplies that focused on specific table functions and can be seen in the Table 1. These
concept models helped demonstrate the preliminary feasibility of the idea. More of these ideation
models can be found in Appendix B.
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Table 1. Summary of concept model prototypes
Prototypes

Descriptions
The squiggly shape of the table is
intended to provide enough individual
space for someone to work on. The
seating type are individual seats that
adjust both in length and height from the
table so that each seat is customized to the
individual’s preference.

Our initial design included provisions for
single axis shade adjustment. While
eventually ruled out in favor of a larger
shade, this adjustment mechanism allows
for greater theoretical solar panel output.

This design models a separate mechanism
for adjusting the shade structure, using
scissor lift and a top structure capable of
one-axis translation. While complicated,
this provides the largest amount of shade
adjustment of any design considered.

This curved bench, detached from any
table structure, would most likely be used
with an ovular table design. The design
emphasized the manufacturability
difficulty of creating a curved profile
using the materials we are planning on.
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Each of these ideation models gave our team useful feedback on initial feasibility of design
functions, an essential component in our concept development process.

2.2 Idea Refinement
After initial ideation, we started to refine our concepts using various types of matrices in a
process called controlled convergence. This process organizes and develops concepts to reach a
final design direction. The first step was to create Pugh matrices for each table function. Primary
table functions were analyzed based on the functional decomposition diagram previously
discussed in our Scope of Work (SOW) and shown in Figure 2.

Figure 2. Functional Decomposition of Problem

From the functional decomposition diagram, we identified ‘Support People’, ‘Provide Shade’,
‘Control Temperature’, and ‘Provide Work Surface’ as the most vital functions to analyze with
Pugh matrices. Using the customer’s needs and wants listed in our quality function deployment
(QFD) as the criteria for each function, we rated each idea as either the same, better, or worse
than a datum we were comparing them to. These Pugh matrices can be found in Appendix C.
From the Pugh matrices, we eliminated the lowest ranked ideas to identify the best ideas for each
function.
Once each idea was ranked, we created a morphological matrix. This matrix lists each of the top
viable concepts for each function of our problem. A variety of full system level concepts can
then be developed by selecting one design from each function in the morphological matrix. This
matrix can also be found in Appendix C.
From this morphological matrix, five ideas were selected to be the most effective. These ideas
can be seen in Table 2.
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Table 2. Summary of Top Five Concepts

Idea #

Descriptions

Sketches

Squiggly table with individual chairs,
an angled shade, and outdoor fans.

1

Squiggly table with individual chairs, a
static shade, and a localized cooling
system.

2

Ovular table with individual chairs, an
adjustable shade, and outdoor fans.

3

4

Squiggly table utilizing a bench with
individual back rests, a large static
shade, and outdoor fans.

5

Rectangular table utilizing a bench with
individual back rests, a large static
shade, and outdoor fans.

Table 2 highlights several prominent design features we considered when constructing our
morphological matrix. One feature is table shape. Idea 1, 2, and 4 all use what will be referred to
as the “squiggly” table, with portions of the table recessed for individual seating. This recess into
the table is thought to maximize a student’s available workspace while providing comfortable
arm rests during use. Other table shapes include an ordinary rectangular shape and an ovular
shape. The ovular shape would make it easier to meet another’s line of sight during group work.
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Ideas 1-4 use individual seating with a back rest. The back rest is not typical for picnic table
designs, and we hoped that this added feature would improve the comfort of the students
working there. Idea 5 uses a bench with intermittent back rests. The back rest spacing would
allow for easy entrance and exit from the table seating.
The third feature is the type of shaded structure. We settled on choosing between a manually
operated angled shade structure or a flat static shade. The angled shade was thought to increase
shade while the sun moved during the day, but it’s effectiveness and our final decision is
discussed in Section 3.2.
The final feature is the cooling system and auxiliary electronics. Our decision matrix (shown in
Table 3) and other preliminary design analysis focuses on an outdoor cooling system to provide
comfort to those using the table during warm hours of the day. After further consideration and
analysis of weather trends in San Luis Obispo, it was determined that this feature would not
provide a significant benefit to users. We instead focused on an outdoor lighting system to
provide illumination for users into the late evening hours. We feel that this feature will be much
more desired by the target user for this table.

2.3 Selection
Using these five top system level ideas, the final step in our concept refinement process was to
create a weighted decision matrix. A weighted decision matrix was created for the five concepts
we felt best achieved the functions of the table. We compared these to the specifications from
our QFD and rated them on a scale of 1-10. Each rating was then multiplied to the weighted
value for the specifications to give the final weight of each design. The weighted decision matrix
can be seen in Table 3, with the greenest final concept design ranking the highest.

Shade Coverage

Rectangular table, bench with
individual backseats, static
shade, outdoor fans

Serviceability

5

Safety

4

Useability

3

Comfort

2

Power Output

1

Weight
Squiggly table, individual
chairs, angled shade, outdoor
fan
Squiggly table, individual
chairs, static shade, localized
cooling
Ovular table, individual
chairs, angled shade, outdoor
fan
Squiggly table, individual
chairs, large static shade,
outdoor fan

Seating Capacity

Idea #

Cost

Table 3: Weighted Decision Matrix

7

6

5

7

8

9

8

4

2

3

4

4

5

4

3

4

196

4

3

3

3

5

5

3

2

199

2

3

4

4

2

4

3

4

172

4

5

3

2

5

3

5

2

202

4

5

3

2

3

3

5

2

186

5

Final
Weight

Table 3 indicates our top design to be the squiggly table with individual chairs, a large static
shade, and an outdoor fan (which will be replaced by lighting). Cost, comfort, useability, safety,
and serviceability were the most heavily ranked specifications. Cost was selected as extremely
important because of the firm $2000 project budget. Comfort was weighted high because at its
core, the table is meant to provide a space where students and faculty can work, eat, or relax
comfortably. If the table users are not comfortable, they will not utilize the table for long. Safety
is the highest concern due to the EE Courtyard’s high winds that could tip over the structure and
the electrical components required for charging. Durability is another important goal for this
table. Therefore, serviceability was weighted high because we would want any damaged parts to
be easily replaceable to extend the life of the table for as long as possible. Further explanation of
why idea #4 was selected can be found in Section 3 of this report.

3. Concept Design
After completing our weighted decision matrix and evaluating the design direction that we were
pointed towards, we narrowed down a finalized design, discussed throughout this section of the
report. Each feature was then individually refined, and a rough CAD model was produced. We
also created a concept prototype to evaluate a few of the key features of our design.

3.1 Design Selection
The final design we selected can be seen with distinct features called out in Figure 3.

Figure 3. Isometric Render of Full Design with Labeled Features

Our finalized design will be composed of a table with accommodations for six seated individuals
along with two ADA compliant seating areas on either end of the table. We will utilize a
recessed table design that partially wraps around each user in a trapezoidal shape. Each user will
be seated in an individual chair with additional back rest for improved comfort. A large,
overhanging shade will protect users from uncomfortable sun exposure while positioning a single
solar panel to capture energy. Battery storage will distribute solar power through four, 120V
outlets.
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3.2 Concept Prototype
To determine the feasibility of the functions that we were considering in our weighted decision
matrix, we created a concept prototype. Our prototype was aimed at testing two main functions:
table layout and shade adjustability. Although our matrix conveyed that a static shade would
likely be the better option, primarily due to cost, we wanted to better evaluate the comfort
benefits of the adjustable shade. The finalized prototype design can be seen below in Figure 4.

Figure 4. Final Concept Prototype Model

To mimic the table, a piece of 1/8” chipboard was used. Six unique cutouts were attempted in the
edges of the table, with three being trapezoidal and three being circular. The size of each cutout
was also varied in order to evaluate ergonomics and user comfort, as seen in Figure 5.

Figure 5. Comparison between Circular and Trapezoidal Table Cutouts

We learned a substantial amount about table layout from this prototype. First off, we preferred
the aesthetics of a trapezoidal cutout table better than the continuous curvature of circular
cutouts. In addition, we found that the cutout mostly provides a comfortable armrest, instead of
optimizing workspace. For this configuration, the trapezoidal cutouts provide better arm support.
Therefore, we will be pursuing this in our design.
An issue that clearly presented itself with this design in the concept prototype was ingress to the
table with a fixed chair. With a large backrest and cutouts, it made it quite difficult to sit down
7

without moving the chair. Potential solutions involve minimizing backrest size and maximizing
cutout angle. Regardless, more prototyping will likely be necessary to better address this issue.
To mimic the shade, another piece of chipboard was used with PVC to add stiffness. Two
supporting posts were also constructed out of PVC to allow for shade movement about two
separate axes. The shade was able to be oriented and adjusted in two configurations, as seen
below in Figure 6.

Figure 6. Two Different Shade Configurations with Different Axes of Adjustment

The shade was tested at two primary times of day, with the sun high in the sky and low on the
horizon. In both configurations, we found that the amount of shade on the table was minimally
impacted by adjusting either axis of the shade. It appeared that to properly shade individuals, it
would require the shade to translate, expand to a larger size, or rotate about an axis that does not
go through its center of gravity. This would introduce a much more complex system and much
higher safety risks.
We also discovered a user error that could occur with a manually operated angled shade. As the
sun is setting, students will adjust the shade to face towards the west. We realized that virtually
all table users would not think to readjust the shade to face towards the east when they are done
using it. This means that when the sun rises, the solar panel will be in a very poor orientation to
receive any direct sunlight and thus provide our required power generation. Due to these
decisions, we reaffirmed our decision that a large static shade would be best for our design.
Table height was also adjusted but was limited to the settings of the Lifetime ® table. Thus, we
will be referring to NASA anthropometric data [1] as well as any ADA seating requirements [2].

3.3 Subsystem Design
Our design will include five major subsystems: the table, seating, shade, support structure, and
electronics. Each of these systems is described in detail in sections 5.1.1-5.1.5.

3.3.1 Table Design
Our table design includes five inch deep, partial wraparound cutouts for each seated individual.
Free space at each end of the table is left for wheelchair seating. The purpose of each cutout is to
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maximize the space available for users to work, as well as to provide a comfortable arm rest
position while working on a laptop. Figure 7 depicts both the cutouts and offset seating
configuration.

Figure 7. Top-down Table Layout

Table construction will be from extruded plastic lumber planks, which provide a look and feel
similar to wood while offering much better weatherproofing abilities without the need for
refinishing. Plastic lumber also provides a semi-smooth work surface, which is preferable to a
perforated design for students looking to take notes or otherwise write by hand. A table length of
ten feet will allow ample room for six individuals to have computers or binders open, while
minimizing excess space taken up in the electrical engineering courtyard where the table will be
placed. The convex ends of the table also provide easy access for wheelchairs, meeting the ADA
qualifications necessary for the courtyard.

3.3.2 Seating Design
The seating design that we have selected consists of individual chairs with backrests. This
proposed seating configuration can be seen in Figure 8.

Figure 8. Section View of Seating Geometry
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The seat and backrest will likely be made from plastic lumber for higher thermal resistance. The
primary issue that we foresee with this design is the backrest impeding ingress to the table.
However, with fine tuning of the table geometry and backrest size, this issue can be mitigated.

3.3.3 Shade
The shade design that we have selected is a large, trapezoidal static shade, as seen in Figure 9.

Figure 9. Shade Design Render with Solar Panel Integration

Due to the rectangular shape of the solar panel, this configuration lends itself for easy integration
and manufacturing. While angular adjustment of the shade was considered, minimal differences
in shading were observed for most useful times of day, as well as minimal solar efficiency gains,
as discussed later in Section 6. The shade will be likely constructed out of powder coated steel
sheet metal. Perforations are being considered for less drastic light variation, but
manufacturability will need to be considered.

3.3.4 Support Structure
All the supporting members for the table will be constructed from tube steel and will be powder
coated in order to ensure necessary durability for outdoor use, as depicted in Figure 10.

Figure 10. Supporting Structure Render
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Each tube will be designed to meet necessary standards for individual safety, such as seating
supports supporting a 400lb load for four hours from ASTM specifications. Interfaces between
joints will need to be structurally welded.

3.3.5 Electrical Integration
The electrical system selected requires a variety of components that will all need to be packaged
and integrated together in order to provide necessary charging for the users. The components to
be used can be seen in Figure 11.

Figure 11. Electrical System Layout

All these components will also need to be packaged to prevent adverse damage from the
environment, as well as provide safety for the users. To accomplish this, the battery, charge
controller, and inverter will all be located in a rectangular container below the table. In addition,
the system will have to be serviceable in the event of component failure while also being
tamperproof to inquisitive electrical engineering students. Preliminary calculations for power
output can be found in Section 6 of this report. The lighting system will consist of six LED lights
located below the solar panel, which will provide ample lighting for dusk/dawn hours. Battery
size has not yet been determined.

4. Concept Justification
In order to ensure that our selected design will meet our specifications and complete the
objectives of our project, justification needs to be provided. This section contains confirmation
of our design’s ability to meet its goals, as well as preliminary analyses to back up these claims.
We also will discuss any concerns we currently have with our proposed design.

4.1 Meeting Our Specifications
Our initial work has outlined a list of specifications for the design to capture. These have been
outlined in a specifications table, shown in Table 4.
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Table 4: Specifications Table

Spec.
#

Specification
Description

Requirement or
Target (units)

Tolerance

Risk*

Compliance
**

1

Cost

$2050

ax

H

A

2

Seating Capacity

6 persons

Min

L

I, S

3

Power Output

200 W

Min

H

A, T

4

Number of Charging
Ports

2 Outlets

Min

M

A, T

5

Comfort Survey

75 %

Min

M

A, I

6

Useability Survey

75 %

Min

H

A, I

7

Max Wind Speed

50 mph

Min

M

A, T

8

Particle Intrusion

IP 53

Min

M

A, T

9

Surface Temperature

120 °F

Max

M

T

1-1/2 hr

Max

M

A, I

70 %

Min

H

A, T

10
11

Components Service
Time
Average Percent of
Table Shade

*Risk of meeting specification: (H) High, (M) Medium, (L) Low
**Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test
Cost is likely the largest hurdle our team will face through the design process. Initial cost
estimates have placed the table alone at approximately $1000. Raw material is the largest portion
of this cost in addition to auxiliary electrical components. Our team will focus on a design that
limits overall material usage and utilizes commonly available electrical components. Regardless,
this is a specification our team has significant concerns about meeting.
Our current design includes provisions for six individuals to sit in chair seating: three along each
side. In addition, each end of the table will be available for wheelchair seating as needed, and the
addition of extra chairs could expand the capacity to up to 8 comfortably.
We plan for a maximum instantaneous power output of 500W between four outlets. Power will
be provided through a battery and inverter stored underneath the table surface. A preliminary
estimate for energy usage can be found in Section 4.2
Two primary design consideration for this project are user comfort and table usability. This has
driven the decision to utilize individual seating fixtures with back support, and a wraparound
12

table design to provide ample working area. Traditional bench seating offers minimal support for
longer working sessions, and we believe that our individual-centered seating design will provide
a comfortable and productive work area for most students.
The safety of this design is non-negotiable, and a few basic specifications must be met in order to
ensure that users are safe from harm. Primarily, we must design the table to withstand high winds
(> 50mph) without tipping. While it is unlikely that students would be working outside at
anything near this speed, the likely weight of our structure will be significant enough that it
could cause significant harm if it were rapidly tipped on a student. A preliminary wind speed
calculation can be found in Section 6.2 of this report.
Particle intrusion presents both a safety and usability risk. Primarily, water must be kept out of
the electrical system to prevent both user harm and internal system damage. Upon completion of
our verification prototype (and throughout the manufacturing process), we will test our designs
to IP 53 specifications to ensure compliance.
To avoid user harm from excess surface temperature, all human-contact surfaces will utilize
materials with low absorptivity to maintain a surface temperature within specifications.
Additional safety considerations are discussed in section 6.3.
Due to the nature of facilities maintenance on the Cal Poly campus our table must function with
minimal service, and any needed maintenance must require minimal time. Any components
which would be expected to need replacement (such as batteries) will be designed to be
removable with minimal tools. In addition, such items will be placed in a manner such that
familiarity with this specific design will not be required for proper servicing.
Our final outlined specification concerns the shade coverage present on the table surface during
daylight hours. Our concept prototype demonstrated that shade size is the largest factor in
determining table shade coverage (rather than shade tilt). As a result, our shade will be sized to
provide table shade coverage during peak sunlight hours. To avoid excess material cost and
space occupation, we will not attempt to shade the table during very early or late hours where
solar intensity will be far decreased.

4.2 Preliminary Calculations
One of the primary safety concerns for our table design is possibility of it tipping over in high
winds. Using the dimensions from the CAD isometric view, we were able to calculate the max
wind speed the table could experience before tipping over. This was calculated assuming the
shaded structure solely contributes to the table’s tendency to tip, turbulent fluid flow, a table
weight of approximately 1000 lbs, and other turbulent flow approximations of drag coefficients
[3]. This resulted in a maximum wind speed of 128 mph. Calculations can be found in Appendix
D. This maximum wind speed is significantly higher than our 50 mph target and shows our
design will be safe under high wind conditions.
Preliminary expected solar panel power outputs were calculated using data from a previous
Senior Project where they used the same type of solar panel [4]. Using their solar panel surface
temperature measurement of 127 oF and an ambient air temperature of 75 oF with the solar panel
spec sheet [5], we found our expected solar panel output to be 389W. This expected power
output is used in Table 5 for total energy generated per day.
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Table 5. Preliminary Power Use vs Generation Estimates
Outputs

Power Draw (W)

4 Computers
Lighting
Cooling
Total Energy
Used/Day

360
80
55
9.34 MJ

Time
(hr)
6
2
5

Inputs
Solar Panel

Total Energy
Generated/Day

Power Input
(W)
389

Time (hr)
12

16.8 MJ

Table 5 above assumes the hours per day that each of the listed accessories are expected to be
used. With an average of 12 hours of daylight per day in San Luis Obispo and using the expected
power generation of the solar panel, our design appears to be viable. We have estimated a factory
of safety of about 1.8 with respect to power usage. This should be sufficient to allow for
increased computer usage or reduced solar panel charging during inclement weather. A more
thorough analysis will need to be done once solar panel testing is conducted, as discussed in
Section 5.

4.3 Design Hazards, Risks, and Safety Plans
Cal Poly Facilities will need to approve our design, verifying that it meets all Cal Poly specific
structural and electrical safety standards. Dr. Dolan will also offer his help to verifying proper
setup of electrical components. A Design Hazard Checklist can be seen in Appendix E which
highlights any general concerns our design could have. These concerns include the risk of the
picnic table tipping over in high winds. By performing analysis on the loads created by our
targeted max wind speed, we will design for the proper weight and shade structure dimensions to
eliminate any possibility of the tipping. Another concern is the weight of the shade structure and
any other electrical components that will be placed overhead. Proper support structures and
fasteners will be used to eliminate any likelihood of the structure falling under any external
weight.
Other design hazards pertain to the electrical systems of the picnic table. Due to the required
portability of the table, it is unlikely to be permanently directly grounded and instead will require
onboard systems to regulate charging and power usage. Charge controllers and fuses will be used
as safety measures in the event of a system overload from a damaged electrical system. Because
our table will need to store any unused energy, batteries will be used. One of our concerns is how
the battery life and performance will be affected over the potential years it will be exposed to the
elements. Depending on the type of battery selected, certain batteries will be more resistant to
temperature swings. A battery will be selected that can operate well outside the weather
conditions typical of San Luis Obispo and will be housed in a secure location to avoid any table
user interaction.
The batteries used to store energy for the solar panel could become unstable and explode if wired
incorrectly or exposed to high temperatures. Depending on the type of battery used, this could
release highly toxic and hazardous materials for both the user and the manufacturer. Materials
that pose a health hazard during manufacturing include the powder used in the powder coating
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process, water jet garnet, and the coolant used to machine the parts. To minimize risk, only
trained members of our team will operate such equipment.
Though the batteries will need to be housed away from the elements to preserve its operating
life, a consideration of the durability of every other component is equally as necessary. This will
require selecting the proper structural materials, seals, and coatings to preserve the life of the
table. This is especially important for areas that affect the structural and electrical integrity of the
system.
One final concern is user error. Our system will need to operate with a particular power output,
and we must account for a user that connects a device that could exceed this. A charge controller
and fuse box will be used to prevent this, as well as using power ratings above the power outlets
to indicate what our system is capable of. This information is summarized in Appendix E with
expected dates of implementation.

5. Project Management
After the completion of this PDR report, we will turn our focus towards detail design in
preparation for our Critical Design Review (CDR). A summary of upcoming deadlines can be
found in Table 6.
Table 6. Overview of Deliverables

DATE

DELIVERABLE

1/4/22

Design Analysis

1/13/22

Interim Design Review

2/3/22

Manufacturing Plan

2/11/22

Critical Design Review

3/26/22
5/17/22

Manufacturing and Test
Review
Experimental Design and
Testing

5/24/22

Final Design Review

5/27/22

Senior Project Expo

6/3/22

Project Delivered

DESCRIPTION
Complete detailed design for base structure
and systems
Present informal design update for peer
feedback
List of components required, and build plan
for any parts made in-house
Final review of design, manufacturing plan,
and budget
Informal presentation detailing
manufacturing and test progress
Conduct tests to measure product against
original specifications
Completed verification prototype, project
poster, and report detailing final product
Display project to students, faculty, staff,
and visitors
Deliver verification prototype to sponsor

A further refined schedule of tasks can be found in our project Gantt chart, seen in Appendix
F. There are a few items on our agenda that will need to be addressed in our detailed design
process to achieve a successful CDR and final design. First, a few additional tests need to be
conducted.
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After the completion of our concept prototype, we realized that the ingress to the table with a
fixed individual seat and back rest will need to be a carefully tuned parameter. Therefore, we
plan to build another concept prototype of our seat and one section of the table to adjust seat
height, placement, and back rest size. We will conduct user surveys at a variety of settings to
determine the ideal parameters, and then implement these in our design.
In addition, we would like to further quantify the solar panel performance before finalizing
the number of outlets we are able to provide for students. To do this, we will likely attempt to
utilize the existing PV Solar Tracker Senior Project Design data to confirm panel
performance and validate power output calculations.
In terms of materials or purchases that will need to be made early, the most problematic
sourcing issue will be the powder coating of all the steel tubes used. These will be large,
structures that will have to be powder coated as an entire system. The process would likely
be several hundred dollars to have done professionally. Therefore, we are looking to obtain a
sponsorship from a company for this process and will be working hard to achieve this. Other
than obtaining lower cost solutions to our current material selections, no items on this project
appear to be long-lead time and will all be ordered after completion of our CDR presentation.
For construction, we have a good idea of how each of the systems will be manufactured.
Table-top will all be cut out of plastic lumber likely utilizing the waterjet to ensure a
dimensionally accurate profile. It can then be finished with sanding and chamfering of all
sharp edges. The entire table frame and seating supports will be constructed from bent and
welded tubing. Dr. Dale Dolan will be consulted on the proper implementation of electrical
components.

6. Conclusion
The goal of this project is to design and manufacture a table with seating to be placed in the
Electrical Engineering courtyard. This design must meet the needs of the EE department with
respect to seating capacity, the ability to charge electronic devices using solar power, and the
provision of shade for those seated at the table. This document has outlined the preliminary
design direction our team has taken for the purpose of documentation as well as stakeholder
feedback. We have presented our design major design decisions, conducted preliminary
analysis on structural and electrical systems, and weighed how each of our design
specifications will be met by our chosen design. This report will be accompanied by a
Preliminary Design Review (PDR) held on November 18, 2021.
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Appendix D. Preliminary Analyzes
Max Wind Speed Calculations
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Total Energy Used and Generated Table
Outputs

Power Draw (W)

4 Computers
Lighting
Cooling
Total Energy
Used/Day

360
80
55
9.34 MJ

Time
(hr)
6
2
5

Inputs
Solar Panel

Total Energy
Generated/Day
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Power Input
(W)
261

11.27 MJ

Time (hr)
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Appendix E. Design Hazard Checklist
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Design Hazard Plan
Description of Hazard

Planned Corrective Action

System will be analyzed for
weight and shade structure
height requirement to prevent
tipping from high winds
common for the area
Overhead system will be
Overhanging weights (shade
safely secured to support
structure, solar panel, cooling weight far beyond what it will
system)
experience during its
operating life
Charge controller and fuses
Non-grounded electrical system will be used to guard against
overdraw and broken
electrical components
Batteries will be rated to
operate in temperatures and
Batteries used to store energy, conditions typical of the area
susceptible to high temperature and fixed in a way to prevent
user interaction and
electrocution
Any hazardous materials will
Hazardous materials involved in be contained and placarded to
final design and manufacturing prevent human contact
components
System tipping hazard under
high winds

Exposure to the elements

Unsafe charging operation
when powering device that
exceeds safe power draw

Weather proofing housing and
seals will be used where
necessary for electrical
equipment, and weather
resistant materials/coatings
will be used to avoid
corrosion
Signs will be used to indicate
power draw capabilities.
Charge controller and fuses
will be used to avoid
excessive or uncontrolled
power draw
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Planned Date

2/1/2022

1/15/2022

3/1/2022

3/1/2022

3/1/2022

3/1/2022

2/1/2022

Appendix F. Gantt Chart
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Abstract
Our team, “The Benchwarmers,” has been tasked with the design and construction of a solar
powered picnic table to be placed in the Electrical Engineering courtyard at California
Polytechnic State University, San Luis Obispo. After narrowing down our project scope, and
conducting preliminary analyses, we have completed detailed design of our picnic table concept.
This document serves to convey our final design, including the detailed functions of each
component, analyses to justify decision selections, and manufacturing plans for the entire
system. We will also present a fully completed Failure Modes Effects Analysis (FMEA) and
Indented Bill of Materials (iBOM), as well as a drawings and specification sheets package.
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1. Introduction
The courtyard of the Engineering West building at California Polytechnic State University, San
Luis Obispo needs an improved seating area. Dr. Dale Dolan of the electrical engineering
department proposed a project to design, build, and validate a picnic table for the courtyard,
complete with solar powered charging. Our project scope includes the design of the picnic table,
shade, and electronics system. This CDR report serves to outline our process for the final design
concept and justification, and the total cost to produce. In addition, a detailed discussion of the
manufacturing and procurement process for each component is included, as well as preliminary
testing plans.

2. System Design
After Preliminary Design Review, our design has undergone substantial changes to better meet
our budgeting requirements; however, the overall design will still meet user requirements such as
the number of available seats, shading and power requirements, and lighting. Figure 1 shows our
initial design concept as presented in our PDR report.

Figure 1. Preliminary table design
After continuing with detailed design based on the PDR concept shown in figure 1, an initial
budget estimate placed the overall system cost at over $3500 primarily driven by material and
electronics system costs. Due to a project budget of $2000, numerous changes were made to
accomplish the original table requirements while staying within budget.
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Figure 2. Updated model of picnic table
Figure 2 shows our most current design of the picnic table. The entire structure can be broken
down into three main assemblies: Table Structure Assembly, Shade Structure Assembly, and
Electronics Assembly. In the following sections, we will discuss all changes we have made to
these assemblies since PDR. For detailed drawings of modified or purchased components, see
our Drawing & Spec Package in Appendix A.

2.1 Design Description
The following sections detail each respective subsystem of our picnic table design and how they
will work.

2.1.2 Table System
The table portion of our design will consist of a roughly 4 ft x 10 ft workspace, with two long
benches supporting up to four people on each side of the table. The large workspace will allow
users to spread out and utilize computers, notebooks, and other material simultaneously to aid in
their studies. One side of the table also meets the dimensional requirements required to achieve
ADA compliance, giving our table one wheelchair accessible location. The overall layout of the
table can be seen in Figure 3.
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Figure 3. Table structure assembly
The squiggly tabletop shape will be replaced with a more geometric, ovular shape. This was
driven by our change from individual to bench seating. The change to bench seating was made
primarily to reduce cost, as tubes for each individual seat are prohibitively expensive. We are
maintaining the decision to incorporate plastic lumber planks for all the tabletop and benches.
These will be bolted to the frame structure using galvanized 3/8-16 carriage bolts and nuts. In
addition, the primary way that we reduced the cost of the table structure was to modify an
existing table frame, as opposed to building one from scratch. The specifics of this modification
can be seen in Figure 4.

Figure 4. Table base modifications
The original, pre-purchased table base can be seen on the right. We will be removing the top
piece of angle iron, as well as the lateral supporting brace, and replacing them with our own
components. The top piece of angle iron will be extended to support the larger tabletop that we
are designing for. In addition, we will be adding a new lateral support tube that incorporates a
sleeve to support the shade column. The shade column design features a unique system to allow
for easy removal of the shade, as well as mobility of the entire table. The column-sleeve system
can be seen in Figure 5.
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Figure 5. Table base modifications
The shade column will be one continuous piece from its attachment to the shade all the way to
the ground. The shade struts are not welded into the table structure to avoid excessive vertical
loads being carried in the table members. All lateral loads will be reacted by the couple created
by two sleeves, one at table height and one seen below. This design allows the shade columns to
contact the ground and not create a statically indeterminate system which would be prone to
tipping/rocking.

2.1.3 Shade System
Our preliminary design for the shade system included a flat rooftop section supporting the solar
panel (which would be lifted by supports on one side to provide an angle towards the sun) with
four, angled shade panels slanting down on each side. Since our preliminary design review,
additional budget and manufacturing analysis has prompted a design change towards a stretched
outdoor fabric style of shade and a centered peak roof design. This not only cuts down on
material costs, but also provides a much more supportive backing for the relatively flimsy solar
panels than the original strut supported panel mounting. After discussions with some on campus
faculty members including Andrew Davol, it was determined that a very good approximation for
solar panel angle and direction would be to face the panel directly south and at an angle
matching the latitude of the table [1].
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Figure 6. Google images capture showing southerly direction in relation to the EE courtyard
As shown in Figure 6, facing the solar panel directly south would either place the table at an
inconvenient location with respect to the rest of the courtyard, or the solar panel at an angle that
does not match with the rectangular profile of the table itself. However, it was determined that
placing the table at an approximately SW angle would still provide good solar positioning while
fitting well within the confines of the courtyard. Due to height and wind loading constraints in
the overall shade structure, as well as the prevalence of nearby structures limiting sunlight at low
sun angles, it was determined that a panel angle of 20 degrees from horizontal would be ideal.

Figure 7. Image of table showing shade structure with fabric and solar panel installed
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The shade structure will be supported by two primary stanchions that tie into the lower structure
of the table. These stanchions will be sleeved at the top end and secured with a locking pin to
allow for easy shade removal and transport. On the other end of the sleeve, a welded plate on
either side attaches to the primary support tube spanning between the top of the two stanchions.

Figure 8. Shade Structure Assembly
The shade itself is supported by two rectangular frames composed of 1”, 16-gauge square tubing.
One frame will set the angle of the solar panel and will contain additional panel supporting
structure. This will lead to the centered peak of the roof, with the secondary of the two frames
leading down the other side of the table. Fabric will be stretched over both frames before solar
panel installation, with riveted grommets used to tie the fabric onto itself over the shade tubes.
Cutouts will be placed in the fabric to allow for solar panel mounting via four extruded
aluminum clamps. All steel tubes used in the shade structure will be powder coated after welding
at a local shop in order to significantly increase corrosion and rust resistance outdoors.

2.1.4 Electronic System
The purpose of this electronics system is to sufficiently provide power for students and faculty to
use the table whenever needed. Our primary focus is to spec all the equipment to not pose any
hazards to the table user. Our specifications for the electronics system only involves providing a
minimum of 200W as can be seen in Section 2.2. Primary components of the electronic system
will compose of a Maximum Power Point Tracking (MPPT) charge controller, outdoor lighting
system hooked up to a timer switch, 12V 125Ah deep cycle battery, pure sine inverter, low
voltage disconnect (LVD), circuit breakers, and two GFCI outlets. The wiring for these
components can be seen in Figure 9. The wiring was determined to minimize excessive
expensive wire use and maximize table user safety.
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Figure 9. Basic circuit configuration
The MPPT charge controller is specifically designed to provide the highest efficiency of power
transfer to the battery. A charge controller works by decreasing the voltage from the solar panel
to be used to charge the battery. Our solar panel has a Maximum Power Point Voltage (Vmpp) of
72.9V (see Drawings and Specifications Package Section) and a Maximum Power Point Current
(Impp) of 5.97A. Since our battery is 12V, the MPPT charge controller will decrease its output
voltage to an appropriate charging voltage but increase the current. This maximizes efficiency.
The LVD is to prevent any battery damage if too much of the charge is used. Since we can only
allow a 50% discharge of the battery to prevent damage, the LVD will read the battery’s voltage
and automatically shut off the power supply when it reaches this discharge percentage. Circuit
breakers will be used to prevent any surges in currents that could result from improper use of the
table.
The lighting system will be hooked up to a timer switch, preset by our team. This will provide
enough lighting for 2 hours after sunset but will not provide any automatic sensors or manual
switch. This helps preserve battery life in case any table users forget to turn the light off. The
configuration of the lighting system can be seen in Figure 10.

Figure 10. Lighting enclosure attached to shade cross bar
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An electronics enclosure will be used to house the battery, inverter, LVD, charge controller, and
light timer as seen in Figure 11. This will be fitted with DIN rails and venting to prevent
overheating. The entire enclosure will be placed under the table, centered and closest to one of
the shade support columns.

Figure 11. Insides of electronics housing
Wiring will be fed through the shade columns to feed into the enclosure and back out to the
outlets. These outlets will have their own waterproof enclosure and will be drilled into the table
near the shade support columns. See Figure 12 for the outlet enclosure. See section 3.3.3 of
Design Justification for analysis on power requirements and charging capabilities.

Figure 12: Outlet enclosure
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2.2 Subsystem Cost Summary

Table 1 details our summarized costs for each subsystem of the picnic table. Our current
estimates place us over our budget of $2000 by about $1200. We are continuing to source
materials from suppliers as donations or discounted parts, but we will also be applying to
MESFAC to secure more funding.
Table 1: Subsystem Cost Summary
Cost Summary
Table Structure
$1,568.07
Assembly
Shade Structure
$719.41
Assembly
Electronics Assembly
$974.82
Total
$3,262.30

3. Design Justification
This section describes the reasoning behind all design decisions, including our material
selections, how we plan to meet each of our specifications, and an overall analysis of safety
considerations. We will also discuss any remaining concerns we have with the construction of
the picnic table.

3.1 Material Selection Justification
Starting with the skeleton support structure of the table, we decided that 1.625” diameter, 0.125”
wall thickness steel tubing would create a structurally sound table. These dimensions are the
exact dimensions of the pre-built frame we plan to buy, so we do not expect any extensive load
calculations will be required to support table users. All plastic lumber tabletop planks will be
2”x10” and all seating planks will be 2”x6”. The 2” plank thicknesses are based on dimensions
for picnic tables currently available on the market and are expected to support the load that the
pre-built frame is capable of supporting. The 10” and 6” widths were determined based on the
requirements of our design to fit at least 6 people comfortably. The table frame itself will be
powder coated to guard against corrosion and allow our table to endure the test of time in its
location.
The shade columns will be made of 2.375” x 0.18” wall DOM steel tubing. This sizing is
primarily driven by the wind loading that the shade structure will take as well as ease of
manufacturing. Supporting calculations for sizing of these primary columns can be found in
Appendix C. The top support bar will be constructed of 2.5” x .125” wall square steel tubing.
All other shade support members will be constructed of 1” x 16 gauge square steel tubing. This
decision was based on a combination of cost, ease of manufacturing, and relative strength. Mild
steel is much easier to weld than either aluminum or stainless, and the square profile allows for
simple frame construction without the need for tube coping that is present on round tube frames.
Finally, the square profile allows for simple design and mounting of auxiliary components such
as solar panel mounting brackets, wire and conduit routing, and light fixtures.
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3.2 Meeting Specifications
Previously in completing our Scope of Work, we identified a list of specifications for the design
to comply with in order to be considered successful. These have been outlined in a specifications
table, shown in Table 2.
Table 2: Specifications Table
Spec. #

Specification
Description

Requirement or
Target (units)

Tolerance

Risk*

Compliance**

1

Cost

$2050

Μax

H

A

2

Seating Capacity

6 persons

Min

L

I, S

3

Power Output

200 W

Min

H

A, T

4

Number of Charging
Ports

2 Outlets

Min

M

A, T

5

Comfort Survey

75 %

Min

M

A, I

6

Useability Survey

75 %

Min

H

A, I

7

Max Wind Speed

50 mph

Min

M

A, T

8

Particle Intrusion

IP 53

Min

M

A, T

9

Surface Temperature

120 °F

Max

M

T

Components Service
1-1/2 hr
Max
M
A, I
Time
Average Percent of
11
70 %
Min
H
A, T
Table Shade
*Risk of meeting specification: (H) High, (M) Medium, (L) Low
**Compliance Methods: (A) Analysis, (I) Inspection, (S) Similar to Existing, (T) Test
10

Cost is likely the largest hurdle our team will face through the design process. Initial cost
estimates have placed the table at approximately $3200. Raw material is the largest portion of
this cost in addition to auxiliary electrical components. The current plan of record is to attempt to
receive MESFAC funding on February 10th in order to regain control over our budget. If this
funding is not obtained, we will likely eliminate the plastic lumber tabletop in favor of a pretreated lumber solution. This will allow for a cost reduction of nearly $500, bringing the design
much closer to being within budget.
Our current design includes provisions for six individuals to sit in chair seating with a table
length of roughly 4’x10’. In addition, each end of the table will be available for wheelchair
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seating as needed, and the addition of extra chairs could expand the capacity to up to 8
comfortably.
We plan for a maximum instantaneous power output of 373W between four outlets. Power will
be provided through a battery and inverter stored underneath the table surface. A preliminary
estimate for energy usage can be found in Section 3. See Section 5 for proposed testing
procedures to ensure we meet minimum power generation of 200W.
Two primary design considerations for this project are user comfort and table usability. We built
a structural prototype to assess proper table dimensions for a comfortable workspace. This
prototype is further discussed in the Section 3.3.
The safety of this design is non-negotiable, and a few basic specifications must be met in order to
ensure that users are safe from harm. Primarily, we must design the table to withstand high winds
(> 50mph) without tipping. While it is unlikely that students would be working outside at
anything near this speed, the likely weight of our structure will be significant enough that it
could cause significant harm if it were rapidly tipped on a student. Preliminary wind speed
calculations can be found in Section 3 of this report, as well as supplemental calculations in
Appendix C. We will also be testing to ensure this specification is met, further described in
Section 5.
Particle intrusion presents both a safety and usability risk. Primarily, water must be kept out of
the electrical system to prevent both user harm and internal system damage. To meet this
consideration, we are pre-purchasing a watertight electronics enclosure. In addition, waterproof
coverings have been added to all electrical outlets to prevent particle intrusion. Upon completion
of our verification prototype (and throughout the manufacturing process), we will test our
designs by spraying the system with water and monitoring any water intrusion.
To avoid user harm from excess surface temperature, all human-contact surfaces will utilize
materials with low absorptivity to maintain a surface temperature within specifications, such as
plastic lumber.
Due to the nature of facilities maintenance on the Cal Poly campus our table must function with
minimal service, and any needed maintenance must require minimal time. Any components
which would be expected to need replacement (such as batteries) will be designed to be
removable with minimal tools. In addition, such items will be placed in a manner such that
familiarity with this specific design will not be required for proper servicing.
Our final outlined specification concerns the shade coverage present on the table surface during
daylight hours. Our concept prototype demonstrated that shade size is the largest factor in
determining table shade coverage (rather than shade tilt). As a result, our shade will be sized to
provide table shade coverage during peak sunlight hours. To avoid excess material cost and
space occupation, we will not attempt to shade the table during very early or late hours where
solar intensity will be far decreased. See Section 5 for testing methods how we will verify we
meet this requirement.
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3.3 Analysis

Several numerical and qualitative analyses were performed in order to ensure that our design
would be able to withstand the required physical and electrical loads, as well as be comfortable
for all people.

3.3.1

Structural Prototype

For our structural prototype, we decided to focus on the comfort aspect of our table. To do this,
we manufactured approximately ¼ of the table and bench to iterate through various table heights,
bench heights, and spacing parameters. We conducted surveys of people of varying height and
weight percentiles in order to ensure that our table would meet our minimum criteria of being
able to accommodate anyone between 5th percentile female to 95th percentile male. A picture of
our structural prototype can be seen in Figure 9.

Figure 9. Structural Prototype
This was our first opportunity to see how our structure would roughly look like and gauge the
aesthetics of the tube structure that will compromise the primary design. Making this design out
of PVC allowed us to rapidly change the three primary dimensions that we were interested in
iterating. We had multiple individuals sit at the table and were able to iterate down to
dimensions that we feel will be most comfortable for our wide variety of users, as seen in Figure
10.
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Figure 10. Structural prototype in use.
The final tabletop height was selected at 31”, with a bench height of 19.5”. In addition, we chose
a slightly larger bench to table gap in order to allow for easier ingress into the table. Ultimately,
this structural prototype was extremely useful in determining the optimal geometry for our table
design.

3.3.2

Wind Calculations

One of our largest concerns with this table design was stability in high wind environments. As
mentioned in Section 2, the minimum wind speed that this table will be capable of withstanding
is 50mph. To verify this value theoretically, we estimated assuming turbulent boundary layer
conditions and perfectly horizontal wind speeds. Table weights and dimensions were based on
current CAD designs and material properties. The driving free body diagram for this analysis can
be found below in Figure 11.

Figure 11. Wind speed calculation FBD.
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Our calculations demonstrated that the table is capable of withstanding 64 mph wind speeds,
producing a factor of safety of 1.28. Further analysis is being conducted to produce more
accurate results. However, this conservative analysis allows us to validate that the design will
meet its 50mph wind target. See Appendix C for detailed hand calculations and final output
values using the Engineering Equation Solver Software (EES).

3.3.3

Power Generation Calculations

While our table will be primarily used during daytime hours, we are still including a battery to
provide support for included lighting, as well as the ability for minor power consumption on
cloudy days. To estimate the ability of the table to be used in this no-power input condition, a
simple analysis was done, as seen in Table 3.
Table 3: Power Consumption Estimates

Based on this maximum power draw of 363W, and our battery size of 125 A-h, our table would
be able to support 2 hours of maximum use with no support from the solar panel. Therefore, we
are confident that the battery size will be sufficient for our needs. For all day usage, the 435W
solar panel should be capable of supporting the required electrical loads.

3.3.4

Safety and Repair Considerations

Cal Poly Facilities will need to approve our design, verifying that it meets all Cal Poly specific
structural and electrical safety standards. Dr. Dolan will also offer his help to verifying proper
setup of electrical components. A Design Hazard Checklist can be seen in Appendix E which
highlights any general concerns our design could have. These concerns include the risk of the
picnic table tipping over in high winds. By performing analysis on the loads created by our
targeted max wind speed, we will design for the proper weight and shade structure dimensions to
eliminate any possibility of the tipping. Another concern is the weight of the shade structure and
any other electrical components that will be placed overhead. Proper support structures and
fasteners will be used to eliminate any likelihood of the structure falling under any external
weight.
14

Other design hazards pertain to the electrical systems of the picnic table. Due to the required
portability of the table, it is unlikely to be permanently directly grounded and instead will require
onboard systems to regulate charging and power usage. Charge controllers and fuses will be used
as safety measures in the event of a system overload from a damaged electrical system. Because
our table will need to store any unused energy, batteries will be used. One of our concerns is how
the battery life and performance will be affected over the potential years it will be exposed to the
elements. Depending on the type of battery selected, certain batteries will be more resistant to
temperature swings. A battery will be selected that can operate well outside the weather
conditions typical of San Luis Obispo and will be housed in a secure location to avoid any table
user interaction.
The batteries used to store energy for the solar panel could become unstable and explode if wired
incorrectly or exposed to high temperatures. Depending on the type of battery used, this could
release highly toxic and hazardous materials for both the user and the manufacturer. Materials
that pose a health hazard during manufacturing include the powder used in the powder coating
process, water jet garnet, and the coolant used to machine the parts. To minimize risk, only
trained members of our team will operate such equipment.
Though the batteries will need to be housed away from the elements to preserve its operating
life, a consideration of the durability of every other component is equally as necessary. This will
require selecting the proper structural materials, seals, and coatings to preserve the life of the
table. This is especially important for areas that affect the structural and electrical integrity of the
system.
One final concern is user error. Our system will need to operate with a particular power output,
and we must account for a user that connects a device that could exceed this. A charge controller
and fuse box will be used to prevent this, as well as using power ratings above the power outlets
to indicate what our system is capable of. This information is summarized in Appendix E with
expected dates of implementation.
Our created a design failure mode and effects analysis (FMEA) to analyze failure modes that
pose the greatest risk to compromising the functionality of our table. The failure modes of most
concern are the similar to what has previously been mentioned in this report. This includes wind
speed calculations, verifying power generation, and ensuring there is no risk of electrocution.
One of the biggest risks to this project is approval from facilities. Our team met with the
structural associate dean, Dr. Charles Chadwell, who instructed us that he will take charge of
interacted with facilities to ensure we have proper approval. See Appendix D to view our FMEA.

4. Manufacturing Plan
The following section contains our detailed plans for manufacturing each and every component
necessary to produce our picnic table. All manufacturing processes, with the exception of
powder coating, will be performed in the Cal Poly Mechanical Engineering Machine Shops.
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4.1Table Master
Table Planks 1-3
1. Bolt lumber planks to 2x4” support evenly spaced.
2. Waterjet outside profile, all clearance holes, and bolt holes.
3. Router all edges to .25” fillet profile.

4.2 Structure Master
1. Tack all components in place according to drawing.
2. Full weld all seams with ¼” fillet using MIG welder.
Prebuilt Table Base
1. Cut lateral supporting angle iron off with angle grinder.
2. Cut tabletop angle iron off with Sawzall.
3. Prep surfaces for welding with flap disk.
Lower Shade Sleeve
1. Measure and mark length with dykem and scribe
2. Cut overall length on abrasive chop saw
3. Mount in lathe and face/chamfer both ends.
Strut Base Plate
1. Waterjet outside profile.
2. Deburr on scotchbrite wheel.
Strut Columns
1. Measure and mark length with dykem and scribe
2. Cut to length on cold saw.
3. Deburr on scotchbrite wheel.
Table Angle Iron
1. Measure and mark length with dykem and scribe
2. Cut to length on horizontal bandsaw.
3. Deburr edges on scotchbrite wheel.
Lateral Cross Braces
1. Cut to rough length.
2. Notch both ends of tube in mill using 2.5” hole saw.
3. Deburr on scotchbrite wheel.
Longitudinal Cross Braces
1. Measure and mark length with dykem and scribe
2. Cut to length on abrasive saw.
3. Deburr on scotchbrite wheel.
Upper Shade Sleeve
1. Measure and mark length with dykem and scribe
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2. Cut overall length on abrasive chop saw
3. Mount in lathe and face/chamfer both ends.
Seating Angle Iron
1. Measure and mark length with dykem and scribe
2. Cut to length on horizontal bandsaw.
3. Deburr edges on scotchbrite wheel.
Shade Cross Bar Plate
1. Waterjet outside profile.
2. Deburr on scotchbrite wheel.

4.3Shade Master
Support Column Sleeve
1. Measure and mark length using dykem and calipers
2. Cut to length using cold saw
3. Prep edges using hand deburring tool and wire wheel
Support Column Mounting Plate
1. Waterjet profile and mounting holes
2. Prep for welding with wire wheel
Support Column
1. Measure and mark length with dykem and scribe
2. Cut to length using cold saw
3. Prep edges using hand deburring tool and wire wheel
Support Top Bar
1. Measure and mark length with dykem and scribe
2. Cut to length using cold saw
3. Prep edges using hand deburring tool and wire wheel
Shade Frame Ribs
1. Measure and mark length with dykem and scribe
2. Cut to length using abrasive saw
3. Prep edges using hand deburring tool and wire wheel
Shade Fabric
1. Lay over completed frame and measure dimensions with overlap for sewing
2. Cut to size using scissors
3. Hem edges
4. Rivet in eyelets on either side of overlap
5. Test weave around frame
Solar Panel Mounting Bracket
1. Waterjet profile and mounting holes
2. Scribe bend lines using dykem and calipers
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3. Bend using press and finger brake
Solar Panel Support Arm
1. Measure and mark length using dykem and scribe
2. Cut to length using abrasive saw
3. Prep edges using wire wheel and hand deburring tool
4. Drill mounting holes with drill press
5. Deburr mounting holes
Solar Panel to Arm Attachment
1. Waterjet profile and mounting holes
2. Scribe bend lines using dykem and calipers
3. Bend using press and finger brake

4.4Electronics Master
Electrical Outlet Enclosure
1.
2.
3.
4.

3D printed housing for outlets.
Install threaded inserts for mounting.
Screw in outlets and outlet covering.
From underside of table, screw into electrical housing to fix outlets to table.

Electronics Enclosure
A) Polycase
1. Drill 2X0.25” clearance thru holes 12” apart in the width direction (15.787”) of
Polycase. From the length dimension of the Polycase (19.724”) and using the left
side of the case in the image above as a datum, drill the first pair of holes 5” from
the left side. Drill the next pair of holes 9” from the left side. Drill the last pair of
holes directly centered on the right side of the case.
2. Hole saw 1-3/8” hole in corner of Polycase lid closest to support structure of
table.
3. Cut a 2”X 2” ventilation rectangle on either side of the 15.787” Polycase
dimension.
4. Screw screen onto Polycase, covering the rectangular holes.
5. Fasten 3D printed overhang for each rectangular cut to Polycase and seal with
polyurethane sealant.
B) Fastening Straps
1. Cut six 4’ lengths of strap
2. Add slides and buckles to straps
3. Lay straps in enclosure so they can wrap around components when aligned with
racks
C) Racks
1. Circular saw 3 attachment rails to be 13” in length to be fitted along the length of
the Polycase enclosure
2. Fasten racks to Polycase using ¼”-20 bolts and nuts using with ¼” screw size
washers and washer sealers. Use the sealers on the outside of the case. Straps
should be underneath rack.
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4.5Assembly Steps
Picnic Table Master
1.
2.
3.
4.
5.
6.
7.
8.
9.

Bolt tabletop planks to base structure.
Bolt bench planks to base structure.
Install lower electronics box.
Install and wire outlet boxes.
Wire from lower electronics box to shade sleeve.
Install strut bases into structure.
Install shade struts into sleeves.
Bolt shade structure onto shade struts.
Wire shade into struts.

Structure Master
1.
2.
3.
4.
5.
6.
7.
8.
9.

Fixture two lateral cross braces to shade sleeve.
Tack in place.
Tack cross brace assembly to two prebuilt table bases.
Tack table angle iron across top of tables bases.
Tack longitudinal bar to both table bases.
Tack longitudinal cross braces in place.
Tack upper shade sleeves onto
Full weld entire assembly.
Powder coat entire assembly.

Shade Master
1. Lay spars flat on welding table (if table is large enough) or floor if not
2. Square corners using magnets and square
3. Tack frame
4. Check square
5. Full weld frame
6. Duplicate steps 1-5 for small side frame
7. Set angle and weld two frame halves together
8. Weld plates to either end of support columns
9. Set and weld solar mounting brackets
10. Test fit fabric and solar panel
11. Deliver to powder coat
12. Final wrap and weave fabric
13. Final install solar panel
14. Bolt support columns to main frame
Electronics Master
1. Fit 1-3/8” grommet into hole
2. Fit 1-3/8” grommet into hole
3. Screw Polycase base to underside of table, using washer sealers to ensure no water
leakage.
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4. Placing components centered on their respective racks (battery, inverter, low voltage
disconnect), buckle the straps around the components and tighten.

5. Design Verification Plan
To ensure that the table achieves its required specification we will conduct tests to make sure that
the table is usable, safe, and lasting. The specifications that we will focus on performing tests
will be the power output, number of charging ports, max wind speed, average percent of table
shade, and particle intrusion. The design verification plan and Gantt chart with the test plans and
dates can be found in the appendix.

5.1 Power Output
The power output that the table provides is important to the usability of the table and for the
safety of its users. We will obtain measurements for the power output every hour of daylight for
one day by connecting a wattmeter to the electrical system and recording the data. The test will
be conducted where the table is located to obtain data that corresponds to the alignment of the
solar panel.

5.2 Number of Charging Ports
The number of charging ports that students can use at the same time is important to the usability
and ensuring that the table is lasting. We want to make sure that the table produces enough
power so that all charging ports can be used at the same time without causing any damage to the
overall electrical system. For this test we will visually inspect the number of ports on the table
and check to see that all components plugged into the system are charging.

5.3 Max Wind Speed
The max wind speed will be tested to ensure that the table is safe and will not tip over while in
use. To test for the max wind speed, we will pull laterally on the top of the shade, measure the
amount of force needed for one edge of the table base to lift off the ground, and compare the
value to calculated force produced by a wind speed of 50 mph. The test will be conducted in an
area where overturning of the table would not be hazardous to any persons present. A high load
fish scale and steel cable will be used to apply a load to the shade.

5.4 Average Percent of Table Shade
The amount of shade produced by the table is crucial to the usability for the users. In order to test
the average amount of shade the table produces; we will attach a camera to the underside of the
shade and record a time lapse of the table throughout one day. To obtain the data from the time
lapse we will overlay a grid onto the video and measure the area of shade coverage throughout
the day. This will be conducted at the location where the table will be placed so we can obtain
accurate data.
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5.5 Particle Intrusion
For the table to be lasting and safe while running electrical components we will conduct a test to
measure the particle intrusion in the electrical system. For this test we will simulate a rainy day
by spraying the electronics box with a hose. We will then visually inspect the electronic box for
any damage occurring from the water. This test will be conducted in an area where a hose can be
obtained in order to run the simulation – likely the Aero Hangar apron.

6. Conclusion
The goal of this project is to design and manufacture a table with seating to be placed in the
Electrical Engineering courtyard. This design must meet the needs of the EE department with
respect to seating capacity, the ability to charge electronic devices using solar power, and the
provision of shade for those seated at the table. This document has outlined the final direction
our team has taken for the purpose of documentation as well as stakeholder feedback. We have
presented our final design direction, conducted detailed analysis on structural and electrical
systems, and developed a manufacturing plan for each component and assembly. This report will
be accompanied by a Critical Design Review (CDR) held on February 17, 2022.
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MMC

TITLE:

REV

120004 - Shade Columns
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

2X TRUE R2.00

2X 135°
10X

11X 1.44

2X 3.00 (STK)

.375 THRUU ALL

2.75±.01

1.00

.19 (STK)

6.00
11.25
16.25
21.50
24.00
26.50
31.75
36.75

42.00

47.00
48.00
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MMC

TITLE:

REV

120005 - Table Angle Iron
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

120006 - Carriage Bolt

0.844in

2.25in

0.208in

0.375in

0.39in

3/8"-16

PART
NUMBER
http://www.mcmaster.com
© 2021 McMaster-Carr Supply Company

A-15

Information in this drawing is provided for reference only.

93604A677
Square-Neck
Carriage Bolt

120007 - Table Nuts

3/8"-16 Thread

9/16"

21/64"

PART
NUMBER
http://www.mcmaster.com
© 2021 McMaster-Carr Supply Company

A-16

Information in this drawing is provided for reference only.

90371A031
Low-Strength
Steel Hex Nut

2X

2.75
1.50 (STK)
1.31 (STK)

12.63
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MMC

TITLE:

REV

120008 - Lateral Cross
Brace
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

2X

2.75

.06 (STK)

1.00 (STK)

64.00
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TITLE:

REV

120009 - Longitudinal Cross
Braces
SCALE:

X:X

MATERIAL: Steel

AA
1 OF 1

2.75 (STK)

2X .125 X 45°

2.38 (STK)

10.75
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MMC

TITLE:

REV

120010 - Upper Shade
Sleeve
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

2X 135°

4X

.375 THRU ALL

2X 3.00 (STK)

4X 1.94
.88

.188 (STK)

3.88
7.13
10.13
11.00
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MMC

TITLE:

REV

120011 - Seating Angle
Iron
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

4X R.50

2.75

2X 2.13

2X .63

.25 (STK)

2X .75
2X 5.25
6.00
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MMC

TITLE:

REV

120012 - Shade Cross Bar
Plate
SCALE:

1:3

MATERIAL: MILD STEEL

AA
1 OF 1

NOTES:
FULL WELD ALL JOINTS
PREP ALL SURFACES FOR COATING

5

3.6
7

2

1
140°

90.0

1.7
3

19.07
15.87

11
121.0

4

6

UNLESS OTHERWISE SPECIFIED:

QUANTITY TRACKING:
TOTAL QUANTITY
NEEDED:

Drawn By:
Checked By:

CONNOR GIGONE

Phone #:

(530) 306-5792

Requested
End Date:

SOLIDWORKS Educational Product. For Instructional Use Only.

QTY. MADE:

DATE:

1

INITIALS:

DIMENSIONS ARE IN INCHES
TOLERANCES:
FRACTIONAL: 1/8
ANGULAR: MACH 1 BEND 2
TWO PLACE DECIMAL:
0.05
THREE PLACE DECIMAL:
0.005
TOLERANCING PER:

A-22

MMC

TITLE:

REV

130000 - SHADE WELDMENT
SCALE:

X:X

MATERIAL: MILD STEEL

AA
1 OF 2

ITEM NO.

PART NO.

PART DESCRIPTION

1

130002

ShadeTopBarPlate

2

2

130001

ShadeTopBar

1

3

130003

TopBarEndPlate

2

4

130006

OuterFramePrimary

1

5

130005

OuterFrameSecondary

1

6

130008

PanelSupportSpar

2

7

130012

EndSupport

2

8

130009

PrimaryFabric

1

9

130009

SecondaryFabric

1

10

130011

SunPower 435 Solar Panel

1

11

130013

90596A029

4
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MMC

QTY.

TITLE:

REV

SHADE WELDMENT
SCALE:

X:X

MATERIAL: XXXXXXXX

AA
1 OF 2

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

130011

Sunpower Solar Panel

1

2

130009

Fabric

1

3

-

Previous Frame Assembly

1

ASSEMBLY INSTRUCTIONS:
1.
Install fabric into previously welded frame structure.
2.
Bolt solar panel into weld nuts in frame.
1

2

3
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MMC

TITLE:

REV

130000 - Shade Master
SCALE:

1:3

MATERIAL: N/A

AA
1 OF 1

.12 (STK)
R.25 (STK)
2.50 (STK)

2.50(STK)
119.00
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MMC

TITLE:

REV

130001 - SHADE TOP BAR
SCALE:

X:X

MATERIAL: MILD STEEL

AA
1 OF 1

2.8

5.0

.25 STK
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TITLE:
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130002 - SHADE TOP BAR PLATE
SCALE:

1:1

MATERIAL: MILD STEEL

AA
1 OF 1

R.25

2.5

2.5

.125 STK
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TITLE:
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130003 - TOP BAR END PLATE
SCALE:

1:1

MATERIAL: MILD STEEL

AA
1 OF 1

45° x 2

.06 (STK)
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1.00 (STK)

121.0

1.00 (STK)
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A-28

MMC

TITLE:

REV

130004 - LONG SIDE FRAME MEMBER

SCALE:

X:X

MATERIAL: MILD STEEL

AA
1 OF 1

.06 TYP

.422 THRU ONE WALL TYP

R.13 TYP
1.0

18.06

82.88
1.0

119.0
SCALE 1:6

SCALE 2:3
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A-29

MMC

TITLE:

REV

130008 - Panel Support Spar
SCALE:

X:X

MATERIAL: Mild Steel

AA
1 OF 1

49 CUT WIDTH

121 CUT LENGTH
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TITLE:

REV

130009 - SHADE FABRIC
SCALE:

X:X

MATERIAL: NYLON

AA
1 OF 1

45° x 2

R.13 (STK)

.06 (STK)

1.00 (STK)

48.89

1.00 (STK)
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A-31

MMC

TITLE:

REV

130010 - SHORT SIDE FRAME MEMBER

SCALE:

X:X

MATERIAL: MILD STEEL

AA
1 OF 1

130011 - Solar Panel
SunPower E-Series: E20-435-COM

SunPower® Commercial
DC Panel for HelixTM
SunPower E-Series panels combine high efficiency with the strongest durability
and warranty available in the market today, resulting in more long-term energy
and savings. 1,2

Helix Roof Compatible Modules
Factory-installed clips enable tool-free panel installation, decreasing
installation time and minimizing business disruption. 3

More Lifetime Energy and Savings
Designed to deliver 45% more energy in the same space over 25 years

Fundamentally Different.
And Better.

25-year Energy Yield per Watt

in real-world conditions like partial shade and high temperatures. 2
140%
130%
120%

Up to
45%
More
Lifetime
Energy

SunPower®
E-Series

110%
100%
90%

Conventional Panel

80%
70%
0

5

10

15

20

25

Years of Operation

The SunPower Maxeon® Solar Cell
 Enables high efficiency panels 2

Best Reliability, Best Warranty
With more than 25 million panels deployed around the

 Unmatched reliability 4

world, SunPower technology is proven to last. That’s

 Patented solid metal foundation
prevents breakage and corrosion

25-year Combined Power and Product Warranty,

why we stand behind our panel with the industry’s best

Warranted Panel Power

including the highest Power Warranty in solar.
100%
98%
96%
94%
92%

SunPower®
E-Series and X-Series

90%
88%

Conventional Panel

86%
84%
82%
80%
0

5

10

15

Years of Operation

sunpower.com

12%
More
Power
in Year
25

A-32

20

25

E-Series: E20-435-COM SunPower® Commercial DC Panel for Helix
Electrical Data

Operating Condition And Mechanical Data

SPR-E20-435-COM

Temperature

−40° F to +185° F (−40° C to +85° C)

Nominal Power (Pnom) 5

435 W

Impact Resistance

1 inch (25 mm) diameter hail at 52 mph (23 m/s)

Power Tolerance

+5/−3%

Appearance

Class A

Solar Cells

128 Monocrystalline Maxeon Gen II

20.1%

Rated Voltage (Vmpp)

72.9 V

Rated Current (Impp)

5.97 A

Open-Circuit Voltage (Voc)

85.6 V

Short-Circuit Current (Isc)

6.43 A

Max. System Voltage

1500 V UL & 1500 V IEC

Maximum Series Fuse

15 A

Power Temp Coef.

−0.35% / o C

Voltage Temp Coef.

−235.5 mV / o C

Current Temp Coef.

2.6 mA / o C

Tempered Glass

High-transmission tempered anti-reflective

Junction Box

IP-65, 1230 mm cables / MC4 Compatible

Weight

56 lbs (25.4 kg)

Max. Load

Wind: 50 psf, 2400 Pa, 244 kg/m² front & back
Snow: 112 psf, 5400 Pa, 550 kg/m² front

Frame

Class 2 silver anodized; stacking pins

2073 mm [81.6 in]
2067 mm [81.4 in]

Tests And Certifications
Standard Tests 6

UL1703 (Type 2 Fire Rating), IEC 61215, IEC
61730

Quality Management Certs

ISO 9001:2015, ISO 14001:2015

EHS Compliance

RoHS, OHSAS 18001:2007, lead free, Recycle
Scheme, REACH SVHC-163

Ammonia Test

IEC 62716
10.1109/PVSC.2013.6744437

Salt Spray Test

IEC 61701 (maximum severity)

PID Test

1500 V: IEC 62804, PVEL 600 hr duration

Available Listings

UL, TUV, MCS, FSEC, CEC

4x (C)

4 X 398 mm
[15.7 in] (B)

FRAME PROFILE

12.5 mm
[0.5 in]

46 mm
[1.8 in]

Desert Test

1046 mm [41.2 in]
1072 mm [42.2 in]

Panel Efficiency

1 SunPower 327 W compared to a Conventional Panel on same sized arrays (260 W, 16%
efficient, approx. 1.6 m²), 4% more energy per watt (based on PVSyst pan files), 0.75%/yr
slower degradation (Campeau, Z. et al. "SunPower Module Degradation Rate," SunPower white
paper, 2013).
2 Based on search of datasheet values from websites of top 10 manufacturers per IHS, as of
January 2017.
3 Helix-compatible modules may not be compatible with other racking systems.
4 #1 rank in “Fraunhofer PV Durability Initiative for Solar Modules: Part 3”. PVTech Power
Magazine, 2015. Campeau, Z. et al. “SunPower Module Degradation Rate,” SunPower white
paper, 2013.
5 Standard Test Conditions (1000 W/m² irradiance, AM 1.5, 25° C). NREL calibration Standard:
SOMS current, LACCS FF and Voltage.
6 Type 2 fire rating per UL1703:2013, Class C fire rating per UL1703:2002.

12.8 mm
[12.5 in]

22-32 mm
[0.87-1.3 in]

(C)

(A) Cable Length: 1230 mm +/-10 mm
(B) Stacking Pins
(C) Optional Helix-compatible Clips
Please read the safety and installation guide.
Clips installed on Helix Roof compatible modules only.
Clips are not removable and may not be compatible with non-Helixbranded racking.

See www.sunpower.com/company for more reference information.
For more details, see extended datasheet: www.sunpower.com/solar-resources.
Specifications included in this datasheet are subject to change without notice.
©2018 SunPower Corporation. All rights reserved. SUNPOWER, the SUNPOWER logo,
MAXEON, and HELIX are trademarks or registered trademarks of SunPower Corporation.
Specifications included in this datasheet are subject to change without notice.

1-800-SUNPOWER

sunpower.com

527990 Rev A / LTR_US
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.06 (STK)
R.13 (STK)
20° x 2
1.00 (STK)
35.8
1.00 (STK)

SCALE 1:5

SCALE 1:1
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MMC

TITLE:

REV

130012 - END SUPPORT
SCALE:

X:X

MATERIAL: MILD STEEL

AA
1 OF 1

130013 - Weld Nut

1/4"-20
Thread

3/4"

7/16"

5/16"

3/64"

PART
NUMBER
http://www.mcmaster.com
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90596A029
Steel RoundBase Weld Nut

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1
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Seat Plank

2

1

.25
1
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TITLE:

REV

140000 - Seating Master
SCALE:

1:3

MATERIAL: PLASTIC LUMBER

AA
1 OF 1

2X 46
4X

.375 THRU ALL
2X

12

R.25 (TYP)

2X 4.50
6.00 (STK)

2X 1.50

1.75 (STK)

2X 32.0

2X 64.0
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REV

140001 - Seat Plank
SCALE:

1:3

MATERIAL:

AA

PLASTIC
LUMBER

1 OF 1

A

10.00

2.89

4.86

A

2X

10.00

SECTION A-A
SCALE 1 : 4
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TITLE:

REV

152001 - Electronics
Enclosure, Lid
SCALE:
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Bracket, Light Switch
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1:3
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150001 - Battery

A-42

150002 - Charge Controller

Specifications

RCC20RVRE-G1

Electric Characteristics

RCC40RVRE-G1

System Voltage

12V/2 4V Auto

Battery Rated Current

40A

2 0A

Max Battery Voltage

32V

Max PV Input (Voe)

100VDC
12V@2 60W
2 4V@52ow

Max Power Input

12V@52ow
2 4V@1040W
12V@� 0.2 2 W
2 4V@� 0.72 W

Power Consumption
Battery Types

SLD/AGM, GEL, FLD, LI
Reverse Battery polarity, Reverse PV polarity, PV Over-voltage, Battery over-voltage,
PV over-current, Battery over-current, Controller over-temperature

Electronic Protections
Grounding Type

Negative

Controller Terminals

2 0- 6 A WG, 2-pin terminals

Temperature Compensation

- 3mV/DC/2V, excludes LI

Operating Temperature

° -113F
°
- 31F

Storage Temperature

- 31°F - 176°F

Operating /Storage Humidity
Dimensions

� 95% (NC)
6.36X 3.85X 2 .62 in
161.5x 97.9x 66.5mm

7,85X 5,12 X 3,02 in
199.5x 130x 76.7mm

1.65 Lbs

3.01 Lbs

Weight

RS 485

Communication

FCC Part 15Class B; CE; ROHS; RCM

Certification

Battery Charging Parameters

GEL

SEALED/ AGM

FLOODED

High Voltage Disconnect

16V

Over Voltage Reconnect

15V

LITHIUM

14.8V

Equalization Voltage
Boost Voltage

14.2 V

14.6V

Float Voltage

14.6V

13.8V

Boost Return Voltage

13.2 V

Low Voltage Reconnect

12 .6V

Under Voltage Warning

11.1V

Equalization Duration

2 hours

Boost Duration

2 hours

RENOGY.COM

•

2775 EAST PHILADELPHIA ST. ONTARIO, CA 91761

A-43

14.4V
(User: 12 .6- 16V)

150003 - Inverter

A-44

150004 - Low Voltage Disconnect

A-45

150008 - Battery Capacity Indicator

A-46

150009 - Lighting

A-47

150010 - Lighting Timer

A-48

150011 - Solar Panel to Charge Controller Wiring

A-49

150012 - 8AWG Wire

A-50
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151001

GFCI Outlets

2

2

151002

Outlet Box

2

3

151003

GFCI Covers
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4
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GFCI Outlet Screws

4

5

152002

SBR Rubber Grommet

2
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151000E - Electrical
Outlets Enclosure
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151001 - GFCI Outlets
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151003 - GFCI Outlet Covers
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6
9
2
1

ITEM NO.

PART NUMBER

DESCRIPTION

QTY.

1

152001

Electronics Enclosure

1

6

152002

4

3

152003

4

152004

SBR Rubber Grommet
Phillips Rounded Head Screws for
Sheet Metal
Medium-Strength Grade 5 Steel Hex
Head Screw

5

152005

Silicone Rubber Sealing Washer

8

6

152006

316 Stainless Steel Washer

8

2

152007

Mounting Bracket, Battery

3

8

152007

Mounting Bracket, Light Switch

1

9

152011

Steel Wire Cloth

1

10

152011

Medium-Strength Steel Hex Nut

8

5
6
4
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152001 - Electronics
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ITEM NO. PART NUMBER

BOM Table
Description

Rev.

WQ-76-02/QTY.

WQ-76-03/QTY.

1

WQ-76S-02

-

Hinged Nema Enclosure-Outdoor Use

1

-

2

WQ-76S-03

-

Hinged Nema Enclosure-Outdoor Use

-

1

3

SCREWS-026-004

-

SCREWS, 4 PACK

1

1

F

F

E

E

7.953 202
19.724 501

3

7.874 200

1

D

D

15.787 401
WQ-76-02

C

C

2

B

B

WQ-76-03
A
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4

DATE

PROPRIETARY AND CONFIDENTIAL
THE INFORMATION CONTAINED IN THIS
DRAWING IS THE SOLE PROPERTY OF
POLYCASE. ANY REPRODUCTION IN PART
OR AS A WHOLE WITHOUT THE WRITTEN
PERMISSION OF POLYCASE IS PROHIBITED.

CAD FILE: WQ-76

3

A

PART NO.
WQ-76-02
MATERIAL

1305 CHESTER IND. PARKWAY AVON, OHIO 44011-1083 U.S.A.
PH#: 1-800-248-1233, 440-934-0444 FAX#: 440-934-0088

Hinged Nema Enclosure,
SIZE
Outdoor Use, with Screw Kit

FLAME RATING
NAME

DRAWN
CHECKED

2

DATE

D.M.F. 1/11/2016
C.C.B. 1/29/2016

C

REV

-

SHEET 1 OF 1

SCALE: 1:3
1

7

8

6

4

5

2

3

18.720

1

ITEM NO. PART NUMBER Rev.

.126

1
2
3
4
5

.126
.138

WQ-76B-02
WQ-76C-03
WQ-76C-02
WQ-76L-01
WQ-PIN-03

-

BOM Table
Description
Material

Color WQ-76S-02/QTY. WQ-76S-03/QTY.

BASE
GFR10/PC GRAY
COVER W/GASKET
PC
CLEAR
COVER W/GASKET
PC
GRAY
LATCH ASSEMBLY
HINGE PIN
SST
-

1
1
2
2

1
1
2
2

F

F

18.442
SECTION A-A

B

7.953
7.219

92.0°
92.0°

E

3
91.0°

.392 TYP.

E

4

1
.138
A

A
14.783
14.459

15.787

D

D

WQ-76S-02
UL LISTED: UL508-4X (E343339)
SERVICE TEMP: -40°C to 95°C
FLAME RATING: UL94-5VA
Outdoor Suitability: UL746C F1

B

19.724

SECTION B-B

1.181
.154 TYP.
.502 TYP.
4X .504
4X INSERT: M5X0.8

C

6.693

3.307

16.850
9.921

C

2

.079

-

REV

1

12.913

WQ-76S-02

4X INSERT: M5X0.8

D

5

B

B

WQ-76S-03
UL LISTED: UL508-4X (E343339)
SERVICE TEMP: -40°C to 95°C
FLAME RATING: UL94-5VA
Outdoor Suitability: UL746C F1

13.858

TOP VIEW WITH COVER HIDDEN

A

A

4X

.545
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CAD FILE: WQ-76S

2

PART NO.
WQ-76S-02
MATERIAL
SIZE

FLAME RATING

UL94-5VA
DRAWN
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DATE
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Hinged Nema EnclosureOutdoor Use

D

SCALE: 1:3
1

REV

-

SHEET 1 OF 1

BOM Table
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ITEM NO. PART NUMBER Rev.
1

SCREWS-026

-

QTY.

M5X0.8 x 10mm CROSS TRUSS HEAD SCREW

4
D

C

SCALE 2 : 1
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A
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2
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REV

A

-

SHEET 1 OF 1
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1

152002 - Grommets
1 3/4"
1"

1 3/8"

1/2"
1/8"
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9600K218
SBR Rubber
Grommet

152003 - Wood Screws

0.27in

0.097in

1in

0.138in

No. 2

No. 6

Drill Bit Size - No. 32
Drill Bit Decimal Size Equivalent - 0.1160"
Maximum Drilling Thickness - 0.025"

PART
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92470A153

Phillips Rounded Head
Screws for Sheet Metal

152004 - Bolts

7/16"
Hex

5/32"

1"

0.25"

1/4"-20 Thread

PART
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92865A542

Medium-Strength Grade 5
Steel Hex Head Screw

152005 - Washer Sealers

For 5/16"
Screw Size

0.688"
0.29"

Washer may vary from
0.083" to 0.103" in thickness.

PART
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99604A119
Silicone Rubber
Sealing Washer

For 1/4"
Screw Size

0.625"
0.281"

Washer may vary from
0.043" to 0.057" in thickness.

PART
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90107A029
316 Stainless
Steel Washer
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Bracket, Light Switch
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MATERIAL: MILD STEEL
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152008 - Straps

A-69

152009 - Slides for Webbing

A-70

152010 - Buckles

A-71

1/4"-20 Thread

152011 - Nuts

7/32"

7/16"
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95462A029

Medium-Strength
Steel Hex Nut

152012 - Steel Wire
1ft

0.035in

1ft

Mesh Size:6 × 6
Opening Size:0.132in
Open Area:63%
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9219T444
Steel Wire
Cloth

Appendix B - Budget
Item Description
Structural Prototype
PVC 90º elbow
Wood Pallet
Final Assembly
Table Master
2" x 10" x 10'' Table Planks
Powder Coating
Structure Master
Prebuilt Table Base
Lower Shade Sleeve
Strut Base Plate
Strut Columns
Table Angle Iron
Carriage Bolts
Table Nuts
Lateral Cross Braces
Longitudinal Cross Brace
Upper Shade Sleeve
Seating Angle Iron
Shade Master
Shade Top Bar
Shade Top Bar Plate
Top Bar End Plate
Long Side Frame Member
Secondary Frame
Primary Frame
Panel Support Spar
Shade Fabric
Short Side Frame Member
Solar Panel
End Support
Weld Nut
Seating Master
Seat Plank 1
Electronics Master
Battery
Charge Controller
Inverter
Low Voltage Disconnect
Battery Capacity Indicator
Lighting
Lighting Timer
Wire - Solar Panel to Charge
Wire - 8 Gauge
Electrical Outlets Enclosure
GFCI Outlets
GFCI Outlet Box
GFCI Outlet Covers
Electronics Enclosure
Electronics enclosure
Grommets
Wood Screws
Bolts
Washer Sealers
Washers
Mounting Bracket
Straps (30ft)
Slides for Webbing
Buckles
Nuts
Steel Wire Cloth

Vendor

Part Number

Assembly Number Price

Home Depot
Scrap

90001

90002

Markstaar

PilotRock
Midwest Steel
Scrap
Midwest Steel
OnlineMetals
McMaster
McMaster
Midwest Steel
Midwest Steel
Midwest Steel
OnlineMetals

21072 110001-11003

SPC-TB-005

Polycase
McMaster (10p)
McMaster (100p)
McMaster (100p)
McMaster (50p)
McMaster (100p)
Zoro
McMaster
Strapworks
Strapworks
McMaster
McMaster(1'X1')

$8.30
0

1/25/2022 Team Reimbursement Purchased
1/25/2022 Donation
Donated

https://www.homedepot.co

5

$552.34

-

Sponsor
Sponsor

In progress
In progress

$433.29
$36.16
$225.55
$59.61
$19.18
$14.02
$33.63
$19.55
$70.36
$45.52

-

Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor

In progress https://www.pilotrock.com/
In progress https://www.midweststeels
In progress
In progress https://www.midweststeels
In progress https://www.onlinemetals.c
In progress https://www.mcmaster.com
In progress https://www.mcmaster.com
In progress https://www.midweststeels
In progress https://www.midwes
In progress https://www.midwes
In progress https://www.onlinemetals.c

-

Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor

In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
Donated
In progress
In progress

https://www.midweststeels

https://www.markstaar.com

#9942

1
2
2
2
2
2
1
4
1
2
4

$98.21
$12.30
$10.06

1
2
2

$50.00
$130.00
$17.00
$146.77

1
1
2
1

90596A029

130001
130002
130003
130004
130005
130006
130008
130009
130010
130011
130012
130013

0
$5.00
$10.57

1
2
1

$105.33
$26.38
$21.58
$0.00
$53.63
$139.43
$36.47
$157.41
$0.00
$0.00
$10.73
$11.34

21072

140001

$42.54

4

$182.50

-

Sponsor

In progress

https://www.markstaar.com

ML125-121
RCC40RVRE-US
MLS-500PSW5
BPR000065400
19186847892

$249.99
$129.99
$84.95
$39.95
$15.99
$22.99
$16.99
$13.59
$50.88

1
1
1
1
1
1
1
1
1

$266.55
$139.41
$91.11
$42.85
$17.15
$24.66
$18.22
$14.58
$63.71

-

Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor

In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress

https://www.mightymaxbat

B012FSL2GK
B09654W4Q2
#449

150001
150002
150003
150004
150008
150009
150010
150011
150012

2
2
2

$47.79
$0.00
$17.25

-

Sponsor
Sponsor
Sponsor

In progress
In progress
In progress

https://www.homedepot.co

B003OBXXEC

151001
151002
151003

1
1
1
1
1
1
1
1
10
8
1
1

$232.89
$9.16
$10.14
$12.54
$16.01
$10.74
$8.86
$19.88
$3.32
$7.64
$5.96
$4.68

-

Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor
Sponsor

In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress
In progress

https://www.polycase.com/

#9942
93604A677
90371A031

Markstarr

Home Depot
Custom
Amazon

$103.00
awaiting quote

2
1

Link

$404.00
$16.86
0
$105.15
$27.79
$8.94
$13.07
$7.84
$18.23
$32.80
$10.61

Midwest Steel
Midwest Steel
Midwest Steel
Walmart

MightMax
Renogy
Walmart
Amazon
Amazon
Amazon
Amazon
Amazon
Grainger (50ft)

$3.87
0

Status

120001
120002
120003
120004
120005
120006
120007
120008
120009
120010
120011

Midwest Steel
Midwest Steel
Online Metals

EE department
Midwest Steel
McMaster Carr

Quantity Taxes/Shipping Date Purchased Purchase Method

WQ-76-02
9600K218
92470A153
92865A542
99604A119
90107A029
G2659773
8846T49

95462A029
9219T156

152001
152002
152003
152004
152005
152010
152006
152007
152008
152009
152010
152011

$22.28
0
$8.04
$187.71
$8.54
$9.45
$11.69
$14.93
$10.01
$8.26
$18.54
$0.31
$0.89
$5.56
$4.36

Total:
Allocated B
Over:

$3,347.35
$2,000
$1,347.35
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https://www.midwes
https://www.onlinemetals.c

https://www.midwes
https://www.midwes
https://www.midwes
https://www.midwes
https://www.walmart.com/

https://www.midwes
https://www.mcmaster.com

https://www.renogy.com/ro
https://www.walmart.com/
https://www.amazon.com/V
https://www.amazon.com/
https://www.amazon.com/
https://www.amazon.com/
https://www.amazon.com/A
https://www.grainger.com/

https://www.amazon.com/

https://www.mcmaster.com
https://www.mcmaster.com
https://www.mcmaster.com
https://www.mcmaster.com
https://www.mcmaster.com
https://www.zoro.com/hall
https://www.mcmaster.com
https://www.strapworks.co
https://www.strapworks.co
https://www.mcmaster.com
https://www.mcmaster.com
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Wind Speed Calculations
A-75

A-76

Table sleeve
Table base

Structural Failure Calculation

= pivot
point

Wind Calculation Assumption

A-77

Appendix D - Design FMEA

General / maintain
functionality

Table / support work

Tips over

1. Cut users with
exposed edges
2. Ruins appearance
3. Sicken users with
exposure to tetanus
1. Crush users
2. Damages shade
structure
3. Table is unusable

3

9

1. Table weight
2. Table fluid properties
3. Table frontal area
4. Shade height

2

5

50

5

1. Make a presentation
225 outlining safety and function
of table structure

4

60

1

35

1. Facilities does not
1. Talk to facilities
approve
and dean for
2. Dean does not approve approval

Table breaks

1. Table is unusable

5

Table surface quality

1. User cannot write on
table
2. User is uncomfortable

5

Shade / cover people Does not provide
shade

Head impacts shade

1. User is uncomfortable
2. User is injured

8

1. User is uncomfortable

4

1. User is injured

7

1. Support rusts through
2. Fasteners fail
3. Structural failure
1. Shade too small
2. Shade too high
3. Shade collapsed
1. Shade too low
2. Sharp corners
1. Seat construction
inadequate
2. Seat fatigues
3. Fasteners become
loose

Seat flexes too much

1. User is uncomfortable

3

Seat is uncomfortable

1. User is uncomfortable

3

1. Improper ergonomic
design
2. Improper material
choice

Seat breaks

1. User is injured
2. Table is unusable

9

1. Fasteners become
loose
2. Structural design
3. Excess load

Battery explodes

1. User is injured
2. Lack of electrical
system function

9

1. Battery overheat
2. Battery overdraw
3. Short circuit

No energy stored

1. Lack of electrical
system function

6

Doesn't charge

1. Lack of electrical
system function

Electrocution

1. User is injured

Lights don't work

1. Table is unusable in
the dark
2. User is uncomfortable

Seating / provide
comfort

Electronics / charge
devise

1. Battery too old
2. Short circuit
3. Wire fray

1. Charge controller
failure
6 2. Inverter failure
3. Solar panel failure
4. Wire fray
1. Short circuit
2. Wire fray
10
3. Water ingress
4. Damage to housing
3

1. Bulbs burn out
2. Short circuit

72

1. Design for heavy
table
2. No easy mobility

5

4

3

1. Fluids analysis
126 accounting for lift and drag
of shade structure.

1. Table is unusable

1. User is uncomfortable

1. Periodic
facilites
inspection

7

Lacks Approval

1. Material selection
2. Board spacing
3. Material weathering
4. Material durability
1. Sharp edges
2. Design error
3. Incorrect height
4. Arm rest design
5. Table thickness

8

Recommended
Action(s)

2

1. Table weight
2. Table is easy to move

1. Material aging
2. Board breaks
3. Support structure fails

Current
Detection
Activities

1. Design for heavy
system with wide
base
2. Fluids analysis
based on frontal area

5

Shade collapses

Design FMEA

1. Coating peels
1. Proper surface
2. Coating applied poorly prep
3. Coating wears
2. Outsource coating

1. Table is unusable

Table is uncomfortable

Electronics / provide
light

Current
Preventative
Activities

Stolen

Table / provide
comfort

Seatng / support
person

Potential Causes of
the Failure Mode

RPN

Rusts/corrosion

Potential Effects of
the Failure Mode

Detection

Potential Failure
Mode

Occurence

System / Function

Severity

Design Failure Mode and Effects Analysis

9

1. Feedback from
facilities

1. Design for
strength and
durability

3

1. Test surface
before selection

7

1. Ergonomic testing
2. Ergonomic
standads
3. User surveys

8

1

32

1. Structural analysis
2. Torque specs
3. Proper coating
4. Positive retention

2

5

80

1. Test shade

8

1

32

1. Round edges
2. Keep shade high
3. Protect edges

3

1. Prototype soft edge
10 210 concept and evaluate
effectiveness

1. Torque specs
2. Proper seat design

4

1. Ergonomic
standards and
testing
2. Materials selection
process
1. Placard weight
limit
2. Proper structural
design
3. Torque specs
1. Limit battery draw
2. Heat shutoff
3. Protective
enclosure

Yearly table
quality inspection

Yearly table
quality inspection

1

12

7

1

21

2

7

126

Responsibility &
Target
Completion Date

Ryan (1/10/2022)

Esme (1/10/2022)

Louis Gerny
(2/1/2022)

1. Test final seat design
under heavy load and with
Team. 3/1/2021
minimal fasteners to insure
integrity

1

1. Periodic
inspection

9

81

1. Periodic
maintenance

6

1. Periodic
inspection

4

144

1. Work with facilities to
determine components that
Ryan, 2/1/2022
would be easy for them to
source and replace

1. Periodic
maintenance

6

1. Periodic
inspection

4

144

1. Work with facilities to
determine components that
Ryan, 2/1/2022
would be easy for them to
source and replace

1. Durable enclosure
design
2. Heatshrinking and
strain relief

2

1. Periodic
inspection

1. In depth analysis of
10 200 water ingress points to
keep electronics protected

1. Redundant circuit
design
2. Replaceable lights

4

A-78

Page 1 of 1

7

Connor, 2/1/2022

84

Revision Date: 2/10/2022

Appendix F - Design Hazard Checklist

Design Hazard Checklist

A-79

Design Hazard Plan
Description of Hazard

Planned Corrective Action

System will be analyzed for
weight and shade structure
height requirement to prevent
tipping from high winds
common for the area
Overhead system will be
Overhanging weights (shade
safely secured to support
structure, solar panel, cooling weight far beyond what it will
system)
experience during its
operating life
Charge controller and fuses
Non-grounded electrical system will be used to guard against
overdraw and broken
electrical components
Batteries will be rated to
operate in temperatures and
Batteries used to store energy, conditions typical of the area
susceptible to high temperature and fixed in a way to prevent
user interaction and
electrocution
Any hazardous materials will
Hazardous materials involved in be contained and placarded to
final design and manufacturing prevent human contact
components
System tipping hazard under
high winds

Exposure to the elements

Unsafe charging operation
when powering device that
exceeds safe power draw

Weather proofing housing and
seals will be used where
necessary for electrical
equipment, and weather
resistant materials/coatings
will be used to avoid
corrosion
Signs will be used to indicate
power draw capabilities.
Charge controller and fuses
will be used to avoid
excessive or uncontrolled
power draw

A-80

Planned Date

2/1/2022

1/15/2022

3/1/2022

3/1/2022

3/1/2022

3/1/2022

2/1/2022

Appendix F - Design Verification Plan

DVP&R - Design Verification Plan (& Report)
Project:

Sponsor:

Edit Date:

TEST PLAN
Test
#

TEST RESULTS

Specification

Test Description

Measurements

Acceptance
Criteria

Required
Facilities/Equipment

Parts Needed

TIMING
Responsibility
Start date Finish date

1

Power Output

Obtain wattmeter and hook up to
electrical system. Observe power
measurements every hour of daylight
for one day.

Power, Time

No less than 200W

Wattmeter, Hourly
Observer

None

Louis Gerny

4/11/2022

2

Number of Charging
Ports

Count number of charging ports

Counting

More than 4

None

None

Ryan Dean

4/11/2022

Numerical Results

Notes on Testing

Complete these columns when you conduct the tests.

3

Max Wind Speed

4

Average Percent of
Table Shade

5

Particle Intrusion

Force greater than or
Pull on shade and measure amount Force, measurements
equal to the equivilent
of force necessary to begin tipping of application point of
calculated force of a
the table.
force
wind speed of 50 mph

Attach phone to underside of shade
and record timelapse of entire table
throughout one day. Overlay grid
onto video and count area of shade
coverage throughout day.

Average shade
coverage area

Spray electronics box with hose to
simulate rainy day. Check insides for System functionality
water intrusion.

Fish scale, metal
cable, (multiple
people or maybe
forklift)

None

Connor
Gigone

4/22/2022

Minimum of 75%
average shade
coverage

Phone camera,
zipties

None

Esme
Gonzalez

5/1/2022

No circuit faults
observed during test

Hose

None

Ryan Dean

4/22/2022

Page 1 of 2
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Print Date: 2/10/2022

Appendix G - Gantt Chart
9/21

F92 - Picnic Table Solar Po...

start

end

09/21/21 10/20/21

Preliminary Design Review (PDR)
Concept Development
Brainstorming/Ideation
Sketching of concepts
Pugh Matrix
Weighted Decision Matrix
Concept Design Decision
Concept Prototype
Concept Prototype Plan
Creation of CAD Model
Contact Potential Material Donors
Build concept model
Design Hazard Checklist
Refine concepts
Concept Justification
Complete Rough Draft of PDR
Prepare presentation
Present PDR (Lab)
Present PDR (Sponsor)
Preliminary Design Review (PDR)

10/18/21 11/19/21

93%

10/18/21 11/03/21

100%

Interim Design Review (IDR)
Update Design Based on Sponsor Fe...
Perform FMEA
List all Planned Manufacturing Metho...
Create Estimated Cost Spreadsheet
Design Analysis
Ergonomics tests
Test Solar Panels
Prepare IDR

11/29/21 01/13/22

09/28

09/30

09/30

10/04/21 10/11/21

11/21

12/21

100%
100%
100%

4/22

Meet Team
Problem Statement
Interview Sponsor

100%

10/06

10/07

100%

10/08

10/11

100%

Define customers' needs and wants

10/11

10/11

100%

Write problem statement

100%

Scope of Work
Patent research

Interview Students

10/06

10/11

100%

10/07

10/12

100%

10/08

10/13

100%

10/09

10/14

100%

10/11

10/11

100%

10/11

10/12

100%

Complete QFD (House of Quality) :: Connor Gigone

10/11

10/12

100%

Complete Functional Decomposition :: Esmeralda Gonzalez

10/13

10/14

100%

Define Engineering Specifications :: Louis Gerny

10/14

10/14

100%

Outline project management plan :: Ryan Dean

10/15

10/18

100%

10/20

10/20

100%

Competition research
Technical research
Standards research
Complete boundary diagram

Submit Rough Draft of Scope of Work :: Louis Gerny
Scope of Work (SOW) Submitted to Sponsor :: Louis Gerny
Preliminary Design Review (PDR)
Concept Development
Brainstorming/Ideation :: Connor Gigone

10/18

10/24

100%

10/21

10/25

100%

10/28

11/02

100%

Pugh Matrix :: Esmeralda Gonzalez

10/28

11/02

100%

Weighted Decision Matrix :: Connor Gigone

11/03

11/03

100%
78%

Sketching of concepts :: Ryan Dean

Concept Design Decision :: Louis Gerny
Concept Prototype
Concept Prototype Plan :: Esmeralda Gonzalez

11/02

11/04

100%

11/05

11/07

100%

11/15

11/19

0%

11/08

11/12

100%

11/05

11/09

100%

Design Hazard Checklist :: Louis Gerny

11/08

11/09

100%

Refine concepts :: Esmeralda Gonzalez

10/30/21 11/11/21

3/22

Choose Project

10/04

11/02/21 11/19/21

2/22

Problem Definition

100%

10/04

10/06/21 10/18/21

1/22

46%

Problem Definition
Choose Project
Meet Team
Problem Statement
Interview Sponsor
Interview Students
Define customers' needs and wants
Write problem statement
Scope of Work
Patent research
Competition research
Technical research
Standards research
Complete boundary diagram
Complete QFD (House of Quality)
Complete Functional Decomposition
Define Engineering Specifications
Outline project management plan
Submit Rough Draft of Scope of Wo...
Scope of Work (SOW) Submitted to S...

09/21

10/21

100%

Creation of CAD Model :: Louis Gerny
Contact Potential Material Donors :: Ryan Dean
Build concept model :: Connor Gigone

Concept Justification
Complete Rough Draft of PDR :: Connor Gigone

10/30

11/11

100%

11/12

11/14

100%

11/16

11/16

100%

11/18

11/18

100%

Present PDR (Sponsor) :: Esmeralda Gonzalez

11/18

11/18

100%

Preliminary Design Review (PDR) :: Connor Gigone

Prepare presentation :: Louis Gerny
Present PDR (Lab) :: Ryan Dean

Interim Design Review (IDR)

44%

Update Design Based on Sponsor Feedback :: Connor Gigone

11/29

11/30

100%

12/01

12/05

100%

01/04

01/08

50%

01/07

01/07

0%

01/09

01/12

50%

01/10

01/12

0%

Ergonomics tests :: Esmeralda Gonzalez

01/10

01/12

0%

Test Solar Panels :: Ryan Dean

01/11

01/12

0%

Prepare IDR :: Esmeralda Gonzalez

Perform FMEA :: Esmeralda Gonzalez
List all Planned Manufacturing Methods :: Connor Gigone
Create Estimated Cost Spreadsheet :: Connor Gigone
Design Analysis :: Ryan Dean

A-82

5/22

6/22

9/21

IDR Reviewed in Lab

01/13

01/13

Critical Design Review (CDR)
Develop Manufacturing Plan
Finalize Seating and Table Direction
CAD Design
Create Structural Prototype CAD Mo...
Build Structural Prototype
Structural Analysis Begins
Construct iBOM
Create Drawings
Design Verification Plan
Finalize Manufacturing Plan
Prepare CDR Presentation
CDR Lab Presentations
Update CDR
Submit CDR to Sponsor

01/06/22 02/11/22

Manufacturing
Risk Assessment
Safety Review
Develop Testing Requirements
Manuf & Test Review
Order Parts
Verification Prototype Build
Verification Prototype Sign-Off

02/14/22 04/26/22

Testing
Performance Testing
Weatherproof Testing
Hardware Testing
User Testing
Compile Test Results
DVPR Sign-Off

04/05/22 05/17/22

Project Wrap-up
Create Expo Poster
Expo Peer Review
Write FDR Report
Expo Presentation
Clean out workspaces
Finish FDR

05/11/22 06/03/22

10/21

11/21

12/21

2/22

01/07

100%

01/10

01/11

80%

01/12

01/21

74%

01/21

01/25

0%

01/24

01/28

50%

01/27

01/28

0%

01/28

01/28

0%

01/31

02/03

0%

02/02

02/04

0%

02/05

02/06

0%

02/04

02/07

0%

02/08

02/08

0%

02/09

02/10

0%

02/11

02/11

0%

4/22

5/22

Develop Manufacturing Plan
Finalize Seating and Table Direction
CAD Design
Create Structural Prototype CAD Model :: Louis Gerny
Build Structural Prototype
Structural Analysis Begins :: Ryan Dean
Construct iBOM :: Esmeralda Gonzalez
Create Drawings :: Connor Gigone
Design Verification Plan :: Louis Gerny
Finalize Manufacturing Plan :: Connor Gigone
Prepare CDR Presentation :: Ryan Dean
CDR Lab Presentations :: Connor Gigone, Esmeralda Gonzalez, Louis Gerny, Ryan Dean
Update CDR
Submit CDR to Sponsor
Manufacturing

0%

02/14

02/19

0%

02/20

02/25

0%

02/28

03/07

0%

03/10

03/10

0%

03/05

03/11

0%

03/12

04/07

0%

04/26

04/26

0%

Risk Assessment
Safety Review
Develop Testing Requirements
Manuf & Test Review
Order Parts
Verification Prototype Build
Verification Prototype Sign-Off
Testing

0%

04/05

04/14

0%

04/13

04/20

0%

04/22

04/28

0%

04/29

05/07

0%

05/08

05/10

0%

05/17

05/17

0%

6/22

Critical Design Review (CDR)

31%

01/06

3/22

IDR Reviewed in Lab :: Louis Gerny

0%

Performance Testing
Weatherproof Testing
Hardware Testing
User Testing
Compile Test Results
DVPR Sign-Off

0%

Project Wrap-up

05/11

05/14

0%

Create Expo Poster

05/18

05/18

0%

05/19

05/26

0%

05/27

05/27

0%

05/29

06/01

0%

06/03

06/03

0%

Expo Peer Review
Write FDR Report
Expo Presentation
Clean out workspaces
Finish FDR
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Picnic Table Solar Powered Shade
Final Design Report (FDR)

By:
Ryan Dean
Louis Gerny
Connor Gigone
Esmeralda Gonzalez
cppicnictable@gmail.com

Mechanical Engineering Department
California Polytechnic State University
Spring 2022

Prepared for:
Dr. Dale Dolan
Professor, Electrical Engineering Department

Abstract
Our team, “The Benchwarmers,” has been tasked with the design and construction of a solar
powered picnic table to be placed in the Electrical Engineering courtyard at California
Polytechnic State University, San Luis Obispo. After the detailed design of the table, shade, and
electronics system, we manufactured our Verification Prototype to deliver to our sponsor, Dale
Dolan. In addition, we conducted validation and testing on the structure to ensure that both our
engineering specifications and customer needs were met. This Final Design Review (FDR)
report serves to outline our manufacturing and testing processes, as well as summarize our
recommendations and lessons learned over the course of the project. Attached to this report is
also a User Manual for the future upkeeping of our picnic table.
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1. Design Changes
There were a few minor modifications to our CDR design that were made over the course of
manufacturing our table. Most changes occurred with respect to the creation of our electronics
box. We changed the battery mounting to include four ¼-20 all-thread shafts going all the way
through the box into the wooden table, as seen in Figure 1.

Figure 1. Battery mounting revisions
This was due to our intuition about the magnitude of the battery weight being incorrect and
desiring a more robust mounting solution. We also modified the wire routing out of the box
from our original design. While in Home Depot, we came across water-tight conduit with
convenient bulkhead fittings, that made it very easy to have clean wire routing coming out of the
side of our box, as opposed to the bottom, as seen in Figure 2.

Figure 2. Revised conduit routing
These were the only few design modifications that we made between CDR and our finished
Verification Prototype.
1

2. Manufacturing
This section details all the manufacturing involved in the construction of our Verification
Prototype, including part procurement, component manufacturing, assembly, and any lessons
learned.

2.1

Part Procurement

The first step in manufacturing our picnic table was part procurement. There were many vendors
through which part sourcing occurred.
For the shade, all steel tubes and shade columns were purchased and delivered from B&B Steel
Supply out of Santa Maria. For any future senior projects reading this, B&B delivers twice a
week to the BRAE department on campus with no charge! The solar panel itself was provided by
the Cal Poly Electrical Engineering department and we hand selected the nicest looking solar
panel from a large selection. The shade material and paracord was purchased from ACE
hardware, as well as fasteners for attaching the solar panel.
In terms of the table itself, the legs of the table frame came from a pre-purchased table frame kit
from PilotRock. The table was widened using angle iron from B&B steel, and sleeves for the
shade columns were acquired from PRW Steel Supply in Paso. Assorted tubing and sheet metal
were sourced from scrap parts in Mustang ’60 to produce the lateral supports and column feet.
The wooden tabletop was purchased from Hayward lumber locally at a discount, as well as the
stain/sealer. The fasteners were partially acquired from ACE hardware, with some being
provided with the table frame kit.
In terms of electronics, components were purchased from a variety of online sources. The
battery and inverter came from MightyMax. The charge controller was purchased from Renogy.
All wiring and supporting electronic devices were purchased from Amazon.

2.2

Component Manufacturing

Parts were primarily manufactured in the Aero Hangar, as well as on the waterjet in Mustang
‘60. While other methods were available, much of the small metal part fabrication was conducted
on the waterjet for simplicity and time effectiveness. Significant use was also made of abrasive
chop saws, die grinders, orbital sanders, hand drills, and MIG welders.
To begin manufacturing, our team started with working on the shade structure. Each 1” square
tube was cut using the abrasive saw and laid out on the relatively flat hangar floor. Each side of
the shade was constructed as a 3-sided box, checked for squareness, and then tack welded
together. Once both sides were made, the center square tube was then elevated to the height
required to provide the shade angle. The shade end caps were tacked onto the center tube, which
helped to align the two box structures. Finally, the sides were tacked onto the primary tube to
form the single shade structure. The entire structure was double checked for squareness and
dimensional accuracy before full welding. This process can be seen in Figure 1.
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Figure 3. Shade manufacturing process
Care was made to distribute heat around the structure to minimize warpage. All welding was
done using a MIG welder, as this was the skill set that the team already possessed, and none of
the joints required the aesthetics or heat control of TIG welding. A substantial amount of
welding was required to produce the shade and picnic table structure. The welding skills of the
team certainly increased over the course of the project, as can be seen in Figure 4.

Figure 4. MIG welding improvement

We then added the cross braces necessary to support the solar panel. These were also 1” steel
tubes, coped to fit in place, and then full welded. Small brackets were waterjet, bent, and welded
to the frame to secure the panel to the frame. Rivnuts were then added to the aluminum frame of
the solar panel to ensure a rigid connection. The entire frame could then be painted and set aside
until final assembly.
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The shade fabric was purchased as a roll locally through ACE hardware. The fabric was initially
laid out, stretched, and marked to denote the final length needed. Two inches of extra material
were added, and then folded over to produce a hemmed seam. This hem was sewed in using
heavy duty thread. After hemming, brass grommets were installed along the outside edge to
allow the fabric to be tied to the steel structure. Dark green paracord was then strung between
each grommet and the exterior shade structure, which could be pulled taught to produce the final
shade structure seen in Figure 5.

Figure 5. Fabric shade final installation
Construction of the table was next up on the list. Five 2x10” douglas fir boards were laid out
together. Home Depot paint sticks were used to establish even spacing between the planks. The
planks were then temporarily screwed onto two 2x4” boards, in order to hold them in place. A
waterjet file was created for all the holes required in the wooden planks, as well as the exterior
profile. Great care was taken to ensure the boards were aligned to the axes of the waterjet, and
that the origin was placed correctly. for the table was screwed together on top of 2, 2x4’s. The
entire table was then waterjet cut to produce the five table top planks, as seen in Figure 6.

Figure 6. Table being waterjet as one piece
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The seat planks were cut by hand with a jig saw after the curves were laid out using calipers and
a tape measure. Each plank was finished with a router to bevel the edges and an orbital sander to
smooth the top face. Stain was applied to all wood surfaces after an initial test assembly and the
planks were left to dry for a few days before final assembly of the table structure.
The base table structure was purchased as a complete “table frame kit” designed for a smaller
table. We heavily emphasized the large group usability of our picnic table, and therefore desired
a much wider picnic table then the purchased kit. As a result, the center supports were cut out of
the old frame. New cross braces were fabricated using 3” angle iron, which was cut to length on
an abrasive saw and then creatively fixtured on the waterjet to cut out the matching holes to the
table planks, as seen in Figure 7.

Figure 7. Angle iron waterjet hole cutting
Once the angle iron was cut, the sleeves needed to be manufactured. These were purchased as 21/2” SCH-80 pipe, with a nominal ID slightly smaller than what we required for our shade
columns. Therefore, they were bored out to size using the Haas TL-1 in the hangar. The ends
were chamfered to minimize sharp edge risks. Last but not least, the lateral supports for the
lower shade sleeve were coped using a hole saw on a manual Bridgeport mill. The entire
assembly could then be fixtured, tacked into place, and then full welded. Care was made to grind
away all galvanized coating prior to welding to ensure the safety of the team. The final full leg
assembly, prior to paint, can be seen in Figure 8.

Figure 8. Table frame modifications
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The last step in our manufacturing process was the electronics, beginning with the outfitting of
our electronics box. All electrical components, besides the battery, were mounted using an
aluminum mounting plate. Additional brass inserts were installed within the case to align with
the mounting plate holes. Electronics were then laid out on the plate, marked, and holes were
drilled to properly fix the electronics with adequate space as seen in Figure 9. After mounting all
electronics, everything was wired and connected without connecting to the battery. This was then
mounted to the underside of the table without the battery as seen in Figure 9. To mount the
battery, through holes were drilled into the case and table to ultimately support four corners of
the battery. All thread rods were then fed through and secured on the top side of the table. The
battery was lifted into the electronics enclosure using an electric lift and secured with all thread
rods. The low voltage disconnect was then wired to the battery and programmed for the proper
disconnect voltage. All electronic components were then wired to the battery. The solar panel
was then connected last, and the charge controller was monitored to ensure it was functioning
properly.

Figure 9: Laid out electronic components on mounted plate (Left), Mounted and wired
components (Right)
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Outlet enclosures were then fixed to the table. The outlet enclosure needed to have a custom 3D
printed case to fit snuggly around the circular support columns while maintaining a weatherproof
seal. The enclosures were then painted, and an outlet latch was attached to the case. The outlet
enclosure can be seen in its multiple stages of production in Figure 10.

Figure 10: Outlet housing manufacturing process
The outlets were then wired into the electronics enclosure, and all wiring was inspected by Ben
Johnson prior to initial bring-up of the system.

2.3

Challenges and Lessons Learned

Though the manufacturing of the picnic table took more time than expected, assembling the
entire structure was a rather straightforward process. One difficulty with the electronics was
suspending the battery within the enclosure. The battery weighs approximately 74lbs so lifting
this kind of weight was challenging and a safety concern if it were to fall on anyone trying to
secure it below. 3D printing the electronics enclosures took longer than expected, taking upwards
of 24hrs to finish. In a fast-paced, prototyping environment, waiting for entire prints may be
gating towards making process. Therefore, small sections of the enclosure were printed
individually to test fit with various mating components before the final enclosure was printed.
This helped speed of the design process. Starting as early as possible with printing complex 3D
printed structures is therefore critical.
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The fixture of all structural members was the most challenging part of the metallics
manufacturing. Ensuring that all parts remained square, plumb, and dimensionally accurate
throughout the welding process required large attention to detail, and lots of double checking.
The use of large steel weld fixturing blocks, lots of C-clamps, and extra hands to hold tubes
while tacking were essential to this process.
One of the largest aesthetic woes of our project is the durability of the paint used. Budget
constrains limited us to only being able to apply one coat of primer and one coat of paint, which
is not likely sufficient for the wear that the table will see. The surfaces also could have been
prepped better to allow for better adhesion between paint and metal. However, the overall
manufacturing of the project went extremely smooth and the team learned lots of new skills.

3. Design Verification
To ensure that the table achieves its required specifications, we conducted thorough testing,
proving the usability, safety, and reliability of our projects. The specifications that we focused on
were the power output, number of charging ports, max wind speed, average percent of table
shade, and particle intrusion. The Design Verification Plan can be found in Appendix D, and a
summary of our testing results can be seen in Table 1.
Table 1 – Summary of Testing Specs and Results

3.1

Test

Specification

Result

Pass/Fail

Avg. Power Output

200W

296W

Pass

Wind Speed

50mph (57lb)

175lb

Pass

Charging Ports

4

4

Pass

Shade Coverage

70%

50%

Fail

Particle Intrusion

IP53

IP53

Pass

Power Output

The power output that the table provides is important to the usability of the table and for the
safety of its users. We obtained measurements for the power output roughly every hour of
daylight for one day by using a multimeter. Typically, maximum power generation would be
measured under a load. However, due to the complexities of our system, it was difficult to
properly acquire and size a load that would produce the proper power output. To account for this
and still be able to compare to the solar panels power output specifications, the open circuit
voltage and short circuit current were measured using a multimeter. Using the power calculated
from the solar panel’s data sheet, the open circuit voltage and short circuit current could then be
linearly interpolated to correspond to the solar panel’s provided rated power output.
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Due to the table’s size, we decided to test the table where it was manufactured, the Cal Poly Aero
Hangar. This was to limit the amount of times we would need to move the table, helping to
minimize the risk of damage. At the Hangar, the test was conducted in an open area where the
solar panel could receive all-day sun exposure. The table was then placed in an orientation
identical to the expected orientation in the EE courtyard.
Power generation data can be seen in Table 2 where our average power generation was 295W
over the course of one day. Since our specification was 200W, we passed our power generation
test.
Table 2. Power Generation Data & Results on 5/19/2022
Time

Power (W)

8:03 AM
9:15 AM
10:20 AM
11:52 AM
1:00 PM
2:15 PM
3:39 PM
4:20 PM
4:59 PM
Avg

250
310
360
362
370
316
276
219
201
296

Figure 11. Power generation testing
The full testing plan for the power output test, as well as all other tests, can be found in
Appendix E.
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3.2

Number of Charging Ports

The number of charging ports that students can use at the same time is important to ensure all
users are satisfied. Our minimum requirement that we determined for the number of 110V AC
outlets was four. This test is rather simple, as it is just counting the number of outlets that are
functional in our design. We have two outlet enclosures, each with two GFIC outlets, passing
this test with a total of four outlets. We also ensured that all four outlets are functional.

3.3

Max Wind Speed

The max wind load was tested to ensure that the table is safe and will not tip over while in use.
This would be one of the largest risks to users or individuals in the area, and therefore it was vital
that we verify this specification. To test for the max wind load, we pulled laterally on the top of
the shade with a come-along, and used a fish scale measured the amount of force required to lift
one edge of the table off the ground. This value was compared to the value calculated for a wind
speed of 50 mph. The test was conducted at the hangar away from pedestrians who might be
injured if the table were to tip. The peak load measured by the fish scale was 175 lbf. The
resolution uncertainty of this measurement was 0.5 lbf. Slight parallax uncertainty also may have
been present but was not accounted for in this analysis. The value of 175 lbf matches well with
preliminary calculations and has a factor of safety of 3.07.

Figure 12. Image of table load testing
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3.4

Average Percent of Table Shade

The amount of shade produced by the table is crucial for the comfort of table users. In order to
test the average amount of shade the table produces throughout the day, we attached a GoPro
camera to the underside of the shade and recorded a time lapse of the table throughout one day,
as seen in Figure 13.

Figure 13. Shade coverage photo from GoPro at 5pm.

To obtain the data from the time lapse, we simply overlayed a grid onto still images every hour
and measured the area of shade coverage with respect to the total table shade. Table 3 outlines
the results of this test.
Table 3. Shade coverage throughout day.
Time
8am
9am
10am
11am
12pm
1pm
2pm
3pm
4pm
5pm
6pm
AVG.

% Covered
20%
30%
45%
60%
85%
100%
75%
55%
45%
30%
20%
51%

Unfortunately, our table failed to meet our target of 75% shade throughout the hours of daylight.
This is likely due to our desire to not make the shade excessively large, and not providing any
adjustment in the shade. Future adjustments could be made to introduce shade adjustability to
increase this percentage. It should also be noted that this test was not conducted at the final
location of the table, which may yield different results based on surroundings structures.
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3.5

Particle Intrusion

For the table to be lasting and safe while running electrical components, we conducted a test to
measure the particle intrusion in the electrical system. After reviewing the Ingress Protection
standards (IP), we determined that an IP53 rating was sufficient for our electronics. This rating
corresponds to dust limited ingress and protection from direct sprays of water up to 60 degrees
from vertical. For this test, we simulated a rainy day by spraying the electronics box with a
water hose from above at a maximum of 60 degrees from vertical. We visually inspected the box
for water ingress, which we found none. In addition, all electronics remained fully functional
during this test, with no faults of any kind. This test was conducted on the Hangar apron. With a
fully functional table, we passed this test.

3.6

Testing Conclusions

The completed table was tested as a final product to ensure overall structural rigidity and safety
for those using it. With the exception of shade coverage, the table met or exceeded requirements
for the tests that were conducted. The table was deemed to be safe for user interaction both by
our team as well as the campus electrician, Ben Johnson. The long-term performance of the table
systems will still need to be evaluated as it is put into use. Periodic monitoring of the table
performance will occur through the fall by some members of the Benchwarmers team.

4. Discussion and Recommendations
The verification prototype has been placed in its final location at the north end of the
Engineering East courtyard. For purposes of placement around other nearby tables the solar
panel was not able to be placed in a direction that faced directly south, however it is estimated
that the small change in direction will not significantly impact solar generation.
The Benchwarmers team was very happy with the overall quality of the table construction with a
few minor exceptions. One of these exceptions is the quality of paint on the steel members of the
table and shade. Due to budget constraints, we were unable to have these components powder
coated and were only able to apply a relatively thin coat of traditional paint. While aesthetically
this was functional, we are worried about the long-term durability of high wear areas of the table.
The long-term durability of certain other parts is also somewhat unknown. The wood planks
seem to be in good condition, and with regular recoating should be serviceable for many years.
The UV resistance of the 3d printed outlet enclosures is also somewhat in question. The
electronics system functions well and can charge multiple laptops at once – which was its
primary purpose. This table could likely be produced with a much smaller battery in the interest
of saving cost with relatively minimal impact on useability during daylight hours. The overall
layout of the table has been very successful and numerous table users have mentioned the ease of
use due to the large distance between table benches.
12

While not the most space efficient design, this table saw much more use than surrounding
workspaces during an approximately weeklong presence in the building 192 courtyard after the
senior project expo was held. There were many lessons learned from the manufacturing of this
project. The order of assembly chosen by the Benchwarmers team required that the table be
assembled and disassembled numerous times. Proper initial fit up may have mitigated this issue
and saved time in the long run.
Battery installation was another area of concern. Upon initial installation into the electronics box
with a floor jack, the battery fell on the hand of one member of the Benchwarmers causing a
subsequent fainting incident. The second attempt at battery installation utilized an electronic lift
and was much more successful. The ease of shop waterjet access made many aspects of
manufacturing quite simple – it is recommended that this tool be utilized as much as possible for
any future table construction.
As for the future use of this design, we feel that this project would be a good starting point for
the construction of similar campus tables in the future. While our project did not specifically
address the possibility of larger scale production, we feel that the tasks carried out in
manufacturing could be carried out on a large scale at a greatly reduced time per table.

5. Conclusion
The goal of this project was to design and manufacture a table with seating to be placed in the
Electrical Engineering courtyard. We believe that this design has meet the needs of the EE
department with respect to seating capacity, the ability to charge electronic devices using solar
power, and the provision of shade for those seated at the table. This report has detailed the
production of a Verification Prototype based on the designs presented in our Critical Design
Review. This prototype has been moved into place in the electrical engineering courtyard for
student use. The conclusion of this report will include publication to the Cal Poly Digital
Commons, as well as final handoff of this project to the sponsor.
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Appendix A - Final Project Budget
Materials Budget for Senior Project
Title of Senior Project:

F92

Team members:

Ryan Dean, Louis Gerny, Connor Gigone, Esmeralda Gonzalez

Designated Team Treasurer:

Ryan Dean

Faculty Advisor:

Sarah Harding

Sponsor:

Dale Dolan

Quarter and year project began:

Fall 2021

Materials budget given for this project:

$2,000.00

NOTE: Unless otherwise specified, all items were purchased by the sponsor
Date purchased

Vendor

Description of items purchased

03/09/22

Ace Harware

Shade Fabric

$

59.68

03/09/22

Quality Fabric

Grommets and Kit

$

32.05

03/19/22

Pilot Rock

XT Series Frame Kit - Standard Extra Heavy Duty Picnic Table $

344.76

03/19/22

MESFAC Student Fund

XT Series Frame Kit - Standard Extra Heavy Duty Picnic Table $

(344.76)

04/05/22

B&B Steel Supply

Shade Steel

$

446.26

04/12/22

Polycase

Electronics enclosure

$

220.13

04/12/22

Renogy

Charge Controller

$

141.85

04/12/22

Mighty Max Battery

125 Ah Battery, 500W Inverter

$

334.94

04/12/22

McMaster

Fasteners, Support Rails, Wire Mesh, Grommets

$

94.63

04/12/22

Amazon

Victron Energy Battery Protect

$

63.00

04/12/22

Amazon

Outlet Cover

$

10.71

04/12/22

Amazon

Battery Indicator, Timer, Lights, Straps

$

75.63

04/18/22

Home Depot

Outdoor Outlets and Electrical Conduit

$

94.20

04/21/22

Home Depot

Paint

$

41.72

04/21/22

Amazon

Solar Panel Extension Cord, 40Amp Circuit Breaker

$

60.85

A-2

Transaction amount

04/21/22

DigiKey

80V DC Fuse

$

13.91

04/25/22

PRW Steel

Shade Column

$

97.22

04/28/22

Home Depot

Paint

$

47.67

04/28/22

Hayward Lumber

Table Planks and Stain

$

229.04

04/28/22

Ace Hardware

Fasteners

$

14.94

04/29/22

Home Depot

Outlet Extension Cord

$

21.68

05/01/22

Ace Hardware

Fastners, Electrical Ring Terminals

$

11.91

05/03/22

Ace Hardware

Electrical Ring Terminals

$

7.81

05/05/22

ACE Hardware

Hardware and Paracord

$

35.31

$

2,155.14

Total expenses:
budget:

$

2,000.00

actual expenses:

$

2,155.14

remaining balance:

$

(155.14)
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PICNIC TABLE SOLAR POWER SHADE
Indented Bill of Material (iBOM)
Assy
Level

Part
Number

0
1
2
2
2

100000
110000
110001
110002
110003

1
2
2
2
2
2
2
2
2
2
2
2
2

120000
120001
120002
120003
120004
120005
120006
120007
120008
120009
120010
120011
120012

1
2
2
2
2
2
2
2
2
2
2
2
2
1

Descriptive Part Name

Lvl0 Lvl1 Lvl2 Lvl3 Lvl4
Solar Picnic Table Master
Table Master
Table Plank 1
Table Plank 2
Table Plank 3

Qty

Source

URL

More Info

1
1
2
2

----------Markstaar
Markstaar
Markstaar

https://www.markstaar.com/Recycled-Plastic-Lumber/Plastic-Lumber/2-x-10-Plastic-Lumber/2-x-10-x-12-Recycled-Plastic-Lum
2" x 10" x 10'
https://www.markstaar.com/Recycled-Plastic-Lumber/Plastic-Lumber/2-x-10-Plastic-Lumber/2-x-10-x-12-Recycled-Plastic-Lum
2" x 10" x 10'
https://www.markstaar.com/Recycled-Plastic-Lumber/Plastic-Lumber/2-x-10-Plastic-Lumber/2-x-10-x-12-Recycled-Plastic-Lum
2" x 10" x 10'

Structure Master
Prebuilt Table Base
Lower Shade Sleeve
Strut Base Plate
Strut Columns
Table Angle Iron
Carriage Bolts
Table Nuts
Lateral Cross Braces
Longitudinal Cross Brace
Upper Shade Sleeve
Seating Angle Iron
Shade Cross Bar Plate

1
1
2
2
2
2
36
36
4
1
2
4
2

PilotRock
Midwest Steel
Scrap
Midwest Steel
OnlineMetals
McMaster
McMaster
Midwest Steel
Midwest Steel
Midwest Steel
OnlineMetals
Scrap

https://www.pilotrock.com/series/picnic-tables-frame-kits-only/utg-series-frame-kit-standard-duty-picnic-table-buy-now/
UT/G-6 (SPONSORED)
https://www.midweststeelsupply.com/store/steeldomroundtubing
2-3/4" x 3/16" Wall
0.125" Mild Steel Plate
https://www.midweststeelsupply.com/store/product.php?product=221
2" SCH 40 DOM
https://www.onlinemetals.com/en/buy/carbon-steel/3-x-3-x-0-1875-carbon-steel-angle-a36-hot-rolled/pid/9942
3" x 3" x 3/16"
https://www.mcmaster.com/93604A677/
QTY 20 Provided with 120001
https://www.mcmaster.com/90371A031/
QTY 20 Provided with 120001
https://www.midweststeelsupply.com/store/product.php?product=221
1-1/4" SCH 40 DOM
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.midweststeelsupply.com/store/steeldomroundtubing
2-3/4" x 3/16" Wall
https://www.onlinemetals.com/en/buy/carbon-steel/3-x-3-x-0-1875-carbon-steel-angle-a36-hot-rolled/pid/9942
3" x 3" x 3/16"
0.25" Mild Steel Plate

130000
130001
130002
130003
130004
130005
130006
130008
130009
130010
130011
130012
130013
140000
140001

Shade Master
Shade Top Bar
Shade Top Bar Plate
Top Bar End Plate
Long Side Frame Member
Secondary Frame
Primary Frame
Panel Support Spar
Shade Fabric
Short Side Frame Member
Solar Panel
End Support
Weld Nut
Seating Master
Seat Plank 1

1
1
2
2

Midwest Steel
Midwest Steel
Online Metals

1
1
2
1

Midwest Steel
Midwest Steel
Midwest Steel
Walmart

https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
2.5" x 2.5" x 120"
https://www.midweststeelsupply.com/store/a36steelplate
1/4" x 6" x 11"
https://www.onlinemetals.com/en/buy/carbon-steel/0-125-carbon-steel-sheet-a1008-cold-roll/pid/13973
13973
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.walmart.com/ip/Coolaroo-Shade-Fabric-Roll-90-UV-Block-6x50-Stone/400569954?athbdg=L1700
100' Roll

Midwest Steel
McMaster Carr

Provided
https://www.midweststeelsupply.com/store/hotrollsteelsquaretube
1" x 1" x 16 Gauge
https://www.mcmaster.com/90596A029/
1/4-20 Weld Nut

Markstarr

https://www.markstaar.com/2-x-10-x-6-Recycled-Plastic-Lumber-21072.html
2" x 10" x 10'

1
2
2
2
2
2
2
2
2
2
2

150000
150001
150002
150003
150004
150008
150009
150010
150011
150012
150013

Electronics Master
Battery
Charge Controller
Inverter
Low Voltage Disconnect
Battery Capacity Indicator
Lighting
Lighting Timer
Wire - Solar Panel to Charge
Wire - 8 Gauge
Lighting Enclosure

1
1
1
1
1
1
1
1
1
1
1

MightMax
Renogy
MightMax
Amazon
Amazon
Amazon
Amazon
Amazon
Grainger (50ft)
3D Printed

RNG-BATT-AGM12-100-US
https://www.mightymaxbattery.com/shop/12v-sla-batteries/12-volt-125-ah-sealed-lead-acid-battery/
RCC40RVRE-US
https://www.renogy.com/rover-elite-40a-mppt-solar-charge-controller/
MLS-500PSW5
https://www.mightymaxbattery.com/shop/solar-panels/12v-500-watt-pure-sine-wave-inverter-for-solar-application/
BPR000065400
https://www.amazon.com/Victron-Energy-Battery-Protect-24-Volt/dp/B01N6ATT8C/ref=sr_1_19?crid=32TV6D2TBGWPB&key
B08BX13TYY
https://www.amazon.com/indicator-Backlight%EF%BC%8CWaterproof-voltmeter-Batteries-Lead-acid/dp/B08BX13TYY/ref=asc
B07R6NJ5M9
https://www.amazon.com/12V-Recessed-Light-Camper-Trailer/dp/B07R6NJ5M9/ref=sr_1_13?crid=3GH3BTGYO0ESZ&keyword
B012FSL2GK
https://www.amazon.com/FAVOLCANO-CN101-Digital-Programmable-Switch/dp/B012FSL2GK/ref=sr_1_2_sspa?keywords=12+
B09654W4Q2
https://www.amazon.com/Ansxiy-Extension-Weatherproof-Connectors-Adapter/dp/B09654W4Q2/ref=sr_1_3?crid=VA5021XG
34GA85
https://www.grainger.com/category/electrical/wire-cable-cordsets/automotive-wire-battery-cable?attrs=Wire+Size%7C8+AWG
PLA Plastic
-

3
3
3

151000
151001
151002
151003

Electrical Outlets Enclosure
GFCI Outlets
GFCI Outlet Box
GFCI Outlet Covers

2
2
2
2

Custom
Amazon

2
3
3
3
3
3
3
3
3
3
3
3
3

152000
152001
152002
152003
152004
152005
152006
152007
152008
152009
152010
152011
152012

Electronics Enclosure
Electronics enclosure
Grommets
Wood Screws
Bolts
Washer Sealers
Washers
Mounting Bracket
Straps (30ft)
Slides for Webbing
Buckles
Nuts
Steel Wire Cloth

1
1
1
1
1
1
1
1
1
10
8
1
1

WQ-76
Polycase
https://www.polycase.com/wq-76
9600K218
McMaster (10p) https://www.mcmaster.com/9600K218/
92470A153
McMaster (100p) https://www.mcmaster.com/92470A153/
92865A542
McMaster (100p) https://www.mcmaster.com/92865A542/
90133A220
McMaster (50p) https://www.mcmaster.com/99604A119/
90107A029
McMaster (100p) https://www.mcmaster.com/90107A029/
G2659773
Zoro
https://www.zoro.com/hallock-company-din-rail-35mm-x-75mm-2-meter-long-slotted-25x52mm-pd35zf605/i/G2659773/
8846T49
McMaster
https://www.mcmaster.com/8846T49/
PLH-SLD-001-BLK
Strapworks
https://www.strapworks.com/1-inch-plastic-slide-black
PLH-SRB-SAD-001-PUR
Strapworks
https://www.strapworks.com/1-inch-purple-single-adjust-side-release-buckle
95462A029
McMaster
https://www.mcmaster.com/95462A029/
9219T156
McMaster(1'X1') https://www.mcmaster.com/9219T156-9219T444/

Total Parts

1
2
4
2
4

1001370824
https://www.homedepot.com/p/Leviton-15-Amp-125-Volt-Duplex-Self-Test-Tamper-Resistant-Weather-Resistant-GFCI-Outlet3D Printed

B003OBXXEC
https://www.amazon.com/Hubbell-Lighting-MX1050S-Weatherproof-Universal/dp/B003OBXXEC/ref=asc_df_B003OBXXEC/?ta
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Appendix B - Risk Assessment

2/16/2022

Picnic Table Solar Power Shade

designsafe Report

Description:

Company:

Louis Gerny, Connor Gigone, Esmeralda Gonzalez, Ryan
Dean
Cal Poly Mechanical Engineering Department

Product Identifier:

Facility Location:

San Luis Obispo, CA

Application:

Analyst Name(s):

Picnic Table Solar Power Shade

Assessment Type:

Detailed

Limits:

CDR Level Analysis

Sources:

personnel experiences, ANSI B11 standards, assembly
drawings
ANSI B11.0 (TR3) Two Factor

Risk Scoring System:

Guide sentence: When doing [task], the [user] could be injured by the [hazard] due to the [failure mode].
Initial Assessment
Severity
Probability
Risk Level

Final Assessment
Severity
Probability
Risk Level

Status /
Responsible
/Comments
/Reference

User /
Task

Hazard /
Failure Mode

1-1-1

operator
normal operation

electrical / electronic : lack of Moderate
grounding (earthing or
Likely
neutral)
Wire fray

Medium

wire to electrical codes
(NEC/IEC), grommets/heat
shrink on all wires around
sharp edges

Moderate
Unlikely

Low

TBD
Louis

1-1-2

operator
normal operation

electrical / electronic : water / Moderate
Likely
wet locations
Rain

Medium

wire to electrical codes
(NEC/IEC), weatherproof all
enclosures and connections

Moderate
Unlikely

Low

TBD
Ryan

1-1-3

operator
normal operation

electrical / electronic :
overvoltage /overcurrent
User overdraw

Minor
Likely

Low

Install circuit breakers and
low voltage disconnect to
protect user and electrical
system

Minor
Unlikely

Negligible

TBD
Ryan

1-1-4

operator
normal operation

heat / temperature : severe
heat
Solar panel surface temp

Moderate
Likely

Medium

Add fabric below solar panel, Moderate
warning label(s)
Unlikely

Low

TBD
Connor

2-1-1

maintenance technician
parts replacement

mechanical : crushing
Drop table or panel on self

Serious
Unlikely

Medium

standard procedures,
footwear

Serious
Remote

Low

TBD
Esme

2-2-1

maintenance technician
adjust controls / settings /
alignment

mechanical : crushing
Drop panel or table on self

Serious
Unlikely

Medium

standard procedures,
footwear

Serious
Remote

Low

TBD
Esme

Item Id

Page 1
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Risk Reduction Methods
/Control System
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2/16/2022

Picnic Table Solar Power Shade

Initial Assessment
Severity
Probability
Risk Level

Final Assessment
Severity
Probability
Risk Level

Status /
Responsible
/Comments
/Reference

User /
Task

Hazard /
Failure Mode

3-1-1

electrician / controls
technician
repair / replace wiring /
systems

electrical / electronic : lack of Moderate
grounding (earthing or
Likely
neutral)
Wire fray

Medium

wire to electrical codes
(NEC/IEC), grommets/heat
shrink on all wires around
sharp edges

Moderate
Unlikely

Low

TBD
Louis

3-1-2

electrician / controls
technician
repair / replace wiring /
systems

electrical / electronic :
improper wiring
Unlabeled wiring

Low

wire to electrical codes
(NEC/IEC), label all wires
accordingly to prevent
miswiring

Moderate
Unlikely

Low

TBD
Esme

3-2-1

electrician / controls
technician
troubleshooting

ergonomics / human factors : Minor
posture
Unlikely
Electronics underneath table

Negligible

Place at end of table for
easier access

Minor
Unlikely

Negligible

TBD
Louis

3-2-2

electrician / controls
technician
troubleshooting

Minor
Likely

Low

warning label(s), gloves

Minor
Unlikely

Negligible

TBD
Connor

Moderate
Likely

Medium

wire to electrical codes
(NEC/IEC), grommets/heat
shrink on all wires around
sharp edges

Moderate
Unlikely

Low

TBD
Louis

Item Id

3-3-1

heat / temperature : severe
heat
charge controller surface
temp
electrician / controls
electrical / electronic : lack of
technician
grounding (earthing or
grounding panels / controls / neutral)
machinery
Wire fray

Moderate
Unlikely

Risk Reduction Methods
/Control System

4-1-1

passer by / non-user
walk near machinery

mechanical : crushing
Table tipping

Catastrophic
Likely

High

Counterweight table by filling Catastrophic
Unlikely
columns with concrete, dull
edges of shade in event of
tipping, perform rigerous

Medium

TBD
Ryan

5-1-1

Picnic Table Team
Testing

mechanical : crushing
Table tips

Serious
Likely

High

Stand far away

Medium

TBD
Louis

Page 2
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Serious
Unlikely

Privileged and Confidential Information

Appendix C - User Manual

Picnic Table Solar Powered Shade
User Manual

By:
Ryan Dean
Louis Gerny
Connor Gigone
Esmeralda Gonzalez
cppicnictable@gmail.com

Mechanical Engineering Department
California Polytechnic State University
Winter 2022

Prepared for:
Dr. Dale Dolan
Professor, Electrical Engineering Department
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Moving the Picnic Table
To move the picnic table, it needs to be partially disassembled. The hazards associated with this
process are mostly electrical shock and large heavy objects. First, the solar panel should be
disconnected. The panel should be covered with a blanket, and the connectors near the top of the
shade can be undone.

Next, the battery should be disconnected. Open the electronics box beneath the table and
disconnect the positive and negative terminals from the battery.
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Next, have three people support the edges of the shade structure, and one person remove the
eight (8) ½-13 bolts that hold the shade onto the columns.

CAUTION: While removing the shade, be careful to allow the
solar panel wires to gently exit the holes in the shade structure.

The shade can then be lifted off the table and gently placed down on the ground.
The two primary shade columns can then be taken out. Remove the pins at the base of the shade
columns, then slide the columns vertically out of their sleeves.
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Once the prior steps have been completed, the table is ready to be moved. This can either be
done with roughly 6 people, or a forklift. If a forklift is used, approach the table from the side,
with the forks spread as wide as possible.

Once the table is in its new location, the table can be reassembled by reversing the steps above.

WARNING: Pinch hazards exist when reinstalling shade columns.
Keep fingers away from sleeves when placing columns in place.

Safety Hazards and Required PPE
Since our prototype is for outside leisure and studying, with no moving parts, and with the end
user only interacting with electrically protected outlets, there is virtually no PPE required while
using the table. However, safety hazards include the risk of the table tipping over in extreme
winds exceeding our 50 mph specification. This risk is highly unlikely given the proposed
location of the prototype. There are electrical hazards, such as the battery becoming unstable or
damaged during improper table transportation or use. We minimize this risk by designing the
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table to be partly disassembled for easier transport with a forklift. For partial disassembly and
reassembly, there are possible pinch points and risk of injury if improperly handled. We will
leave detailed instructions on how these tasks need to be performed to minimize risk. The
electrical components also have numerous safety features that prevent the user from overloading
the system or draining the battery to the extent that it becomes damaged. Once checked by Cal
Poly facilities, the electronics will be certified to be safe for all users.

Routine Maintenance/Repairs
There are a few routine maintenance items that may need to be conducted over the course of the
picnic table’s long life. If any of the paint is substantially damaged, it can easily be recoated in
place using Rust-Oleum gloss protective enamel “charcoal gray.”

If any of the wood on the table shows substantial signs of wear, or gets marked in anyway, it can
be sanded and re-stained. Simply sand off the worn area, apply wood stain, and allow it to sit for
12 hours without interruption or use.

If any electronics items fail to properly function, the system will need to be troubleshooted and
faulty components be replaced. A wiring diagram of the system can be found below for aided
troubleshooting.
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Replacement Parts
If any parts need to be replaced, reference the below list of parts for their sourcing.
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Appendix D - DVP&R
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Appendix E - Test Plans

Design Verification Plan – Picnic Table Solar Powered Shade

To ensure that the table achieves its required specification we will conduct tests to make sure that the
table is usable, safe, and lasting. The specifications that we will focus on performing tests will be the
power output, number of charging ports, max wind speed, average percent of table shade, and particle
intrusion. The design verification plan and Gantt chart with the test plans and dates can be found in the
appendix.
1. Power Output
The power output that the table provides is important to the usability of the table and for the safety of
its users. We will obtain measurements for the power output every hour of daylight for one day by
connecting a wattmeter to the electrical system and recording the data. The test will be conducted
where the table is located to obtain data that corresponds to the alignment of the solar panel.
2. Number of Charging Ports
The number of charging ports that students can use at the same time is important to the usability and
ensuring that the table is lasting. We want to make sure that the table produces enough power so that
all charging ports can be used at the same time without causing any damage to the overall electrical
system. For this test we will visually inspect the number of ports on the table and check to see that all
components plugged into the system are charging.
3. Max Wind Speed
The max wind speed will be tested to ensure that the table is safe and will not tip over while in use. To
test for the max wind speed, we will pull laterally on the top of the shade, measure the amount of force
needed for one edge of the table base to lift off the ground, and compare the value to calculated force
produced by a wind speed of 50 mph. The test will be conducted in an area where overturning of the
table would not be hazardous to any persons present. A high load fish scale and steel cable will be used
to apply a load to the shade.
4. Average Percent of Table Shade
The amount of shade produced by the table is crucial to the usability for the users. In order to test the
average amount of shade the table produces; we will attach a camera to the underside of the shade and
record a time lapse of the table throughout one day. To obtain the data from the time lapse we will
overlay a grid onto the video and measure the area of shade coverage throughout the day. This will be
conducted at the location where the table will be placed so we can obtain accurate data.
5. Particle Intrusion
For the table to be lasting and safe while running electrical components we will conduct a test to
measure the particle intrusion in the electrical system. For this test we will simulate a rainy day by
spraying the electronics box with a hose. We will then visually inspect the electronic box for any damage
occurring from the water. This test will be conducted in an area where a hose can be obtained in order
to run the simulation – likely the Aero Hangar apron.
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Test Name: Power Output Test

Power Output Procedure

Test Purpose: To determine the power output that the table provides for every hour of daylight for one
day by connecting a wattmeter to the electrical system and recording the data.
Scope: This test will help determine the usability of the table along with ensuring that it is safe for its
users. The test will be conducted where the table is located to obtain data that corresponds to the
alignment of the solar panel.
Equipment:
• Solar panel
• Electronic components for the electrical system of the table
• Wattmeter
• Computer
• Excel
Hazards:
•

Electrical components must be verified with ME before testing

PPE Requirements: N/A
Facility: EE courtyard, the table should ideally be placed in the orientation that will collect the most sun
throughout the day.
Procedure:
1. Set a schedule to determine who will record power values at which hours of the day
2. Ensure that the system is set up and running
3. Set up excel sheet to record data
4. Connect wattmeter to power
5. Record the first value around 7 am when the sun is first out. (This will help gage how much
power is collected overnight and how power it outputs early in the morning)
6. After every hour record the power output in excel using the wattmeter
7. Stop data collection around 8-9pm
Test Date(s): 5/19/2022
Test Results:
Time

Power Output (W)

Weather Conditions

8:03 AM
9:15 AM
10:20 AM
11:52 AM
1:00 PM
2:15 PM
3:39 PM

250
309.5
360.23
361.92
370.21
315.67
275.89

Clear
Clear
Clear
Clear
Clear
Clear
Clear

A-16

4:20 PM
4:59 PM

219.28
201.3

Clear
Clear

Performed By:
Ryan Dean
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Number of Charging Ports Procedure
Test Name: Number of Charging Ports Test
Purpose: Determine the number of charging ports available for table users
Scope: Determines the effectiveness of table structure at making power available to students and
faculty in the courtyard
Equipment: No special equipment necessary
Hazards: None other than those experienced by average table user
PPE Requirements: N/A
Facility: Hangar machine shop (assembly site)
Procedure:

1.
Visually inspect for the number of 110v charging ports available at the table
2.
Compare number of charging ports to target (4)
3.
Determine pass or fail
Results: The test will be considered a pass if 4 or more 110v charging ports are available to table users.
The test will be a fail if less than 4 are available. Test will be conducted on a single day at the table
assembly location.

Test Date(s): 5/2/22
Test Results:
4 functional outlets found
Performed By: Ryan Dean
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Max Wind Speed Procedure
Test Name: Table Wind Tip
Test Purpose: To determine if the actual solar picnic table, as built, can withstand the predicted wind
loading forces required without tipping, as to prevent damage to the table or injury to users or
bystanders.
Scope: This test will serve to validate our maximum rated wind speed specification of 50mph and allow
the team to determine if the table is safe for installation in the EE courtyard.
Equipment:
• 10ft long rope
• Come along
• Forklift (as counterweight)
• Load cell
• Load cell DAQ
• Cables
• Shims to measure lift
• Fully complete table, with fabric partially pulled back
Hazards:
• Forklift driving safety
• Table tipping fully
• Rope snapping
PPE Requirements: Safety glasses should be worn by all participants.
Facility: Mustang ’60 Backyard
Level of Prototype: This prototype will need to be 100% completed to get accurate tip data due to the
cumulative weight of all subsystems.
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Remove fabric from one side of table.
2) Tie rope to center of top beam of shade.
3) Drive forklift to around 6’ from table, perpendicular to table.
4) Attach come along to fork lift ear.
5) Ensure load cell is calibrated by hanging known load off end.
6) Tie rope to load cell, and then load cell to come along.
7) Slowly back up forklift until light tension is achieved.
8) Ratchet come along in 25lb increments.
9) Check if shim fits under either end of seating tubes.
10) Repeat steps 8-9 until table lift is observed.
11) Record value of load cell when lift is observed.
12) Repeat steps 1-12 2 more times
13) Release come along.
14) Disassemble system.
Results:
• Entire test should be repeated three times.
• Pass: Force >= 200 lbf
• Fail: Force < 200 lbf
• Uncertainty will be calculated based on resolution of come along
Test Date(s):
5/12/22
Test Results:
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Test
1
2
3
Average

Force for Tipping
(lbf)
176
178
171
175

Pass/Fail
Pass
Pass
Pass
Pass

Performed By: Entirety of Team Benchwarmers
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Shade Effectiveness Test Procedure
Test Name: Shade Effectiveness Testing
Purpose: The purpose of this test is to assess the level of shade provided to the occupants of
our solar powered picnic table.
Scope: This test will serve to assess the comfort and usability of our table, in its ability to keep
the occupants out of the sun throughout their study at different times of day.
Equipment: GoPro camera, Go-Pro mount, extension cord, camera charger
Hazards: Possible shock hazard in charging the GoPro, possible theft of GoPro device
PPE Requirements: None
Facility: in EE courtyard where picnic table will be placed for remainder of its life.
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1) Install GoPro onto mount.
2) Place on top center of the picnic table looking downward.
3) Set camera to take a photo every 30 minutes.
4) Plug in camera to outlet on picnic table.
5) Let sit for full day (8am-6pm).
6) Check on camera status periodically.
7) Overlay grid pattern onto images.
8) Count number of grids shaded (partially can be counted as 1)
9) Record data for each 30 minute photo and compile all data.
Results: Pass Criteria, Fail Criteria, Number of samples to test
Test will be conducted on three separate days.
Pass = 75% or more of table shaded over multi-day average
Fail = Less than 75% of table shaded over multi-day average
Test Date(s): 5/15/2022
Test Results:

Time

% Covered

8am
9am
10am
11am
12pm
1pm
2pm
3pm

20%
30%
45%
60%
85%
100%
75%
55%
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4pm
5pm
6pm
AVG.

45%
30%
20%
51%

Pictures:

Performed By: Louis Gerny
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Particle Intrusion Procedure
Test Name: Particle Intrusion Test
Test Purpose: To determine if the modified electronics box and outlet housing can keep their internal
workings dry and safe during a typical rainy day in San Luis Obispo. This eliminates risk to the table
users.
Scope: This test will serve to validate our pass/fail particle intrusion specification and allow the team to
determine if the various electronic housings are safe for installation in the EE courtyard.
Equipment:
• Hose with water source
• Electronics box with all modifications
Hazards:
• Eye irritation from splashed water
PPE Requirements: Safety glasses should be worn by all participants.
Facility: Aero Hangar apron in an area where water runoff will not interfere with other student
projects/clubs
Level of Prototype: Only the electronics and outlet boxes would need to be completed for this testing
procedure. No electronics would need to be wired if all required modifications to the box exist.
Procedure: (List number steps of how to run the test, can include sketches and/or pictures):
1.
Place fully modified electronics housing in orientation similar to how it would be
fixed to the table
2.
Using a hose, splash water directly on top of enclosures for 1 minute, maintain
vertical water splashing
3.
Carefully remove covers and inspect interiors
4.
Record Pass/Fail observation
5.
Repeat steps 1-4 one more time after drying all enclosures
6.
Dry and return borrowed testing equipment
Results:
• Entire test should be repeated two times.
• Pass: Dry interior
• Fail: Any kind of water damage
Test Date(s):
May 2nd – May 6th
Test Results:
No water ingress observed
All electrical devices remained functional
Test determined to be a pass
Performed By: Benchwarmers team
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